i,

14

gyt

2
Nn

ety L

SrLig Fond o
?i‘“é?é: *:éé' i

m.xxt "L LA P

4]
]

H

% “‘W"“
‘qg“{

s_fi
‘-‘.J

‘E
) # i e
f"" R

-L.
it w i w S P!
3 A T T R 'J.*
o w»&i&ﬁé@ e
ﬂ-..h, ‘\.‘5‘:;' T ;‘\ 'fé:‘:\ "}i{m ‘{
A
%u@"w }"" A Sus et 1y '*‘

+2:f "§‘-."’: {Q;:si it !"u F"E T
ot 1*") i a-’\ 'mf‘n

T . 5 o
%5

-{..-‘,: i [ ._\;.gl?‘

-{ .w
3
Sﬁ-w,;- ﬁ@‘.‘,ﬁ’
-‘w?xs
oy &) p‘U

h

2

SRR
A2y
fraln il

3

Ry
pet
Rk
e,
29

)
4

3,

L]
5
&
Ca & -

..;-,,ﬁw

P
X
r(‘:“f'

s
‘;; 3!‘»-&1‘." 1}1“3‘5 R
%:a@i&g}%f’@}

2 x‘ﬁ m;,s; ¥
.
\j

4
é.ﬁ,..
w

2

i
e
%

5
o

T3
2

5! X % %
tuu'n."t,i-uy? K‘b";.,
et ,}..se‘:
s :?.'.‘?.'L; o
k) At Rt i
S "t«‘** ]

i it?aﬁé#,. X

"1{‘ 4"?'
Heh ;}r_’f,—ﬁ \’:.?";?;

ﬂi”\
by

&3

b
2
?i
£

il
‘:-S"-? {-
-l . ';.‘“
AL

ipai
e ¥ o

TFa

»9‘ :a‘ﬁ}f. ‘
o 3

.
T e "~ =7
Seeal e ...;Jc;!:’.‘-',..f““..c"a‘.a‘!a‘;

3 ‘Lk“‘ ‘.fg

AL
A

e pek g:";.‘f %“.

-"1*:‘-1":4#“-‘ "E:’-,"f""’ X

:
e

o
%'.’-ﬁc‘g‘r-

,.me;f"-;@ Eak
Ly il
; i"}{(‘-:';"m, -5?’».1"}?’
el ‘.ﬁﬁ B
il if

e
“”vr\é.‘:,‘:?.
; *‘ Bl

AL
"%i""f‘“f

;3

\/5

,.w-'f'
Rgt‘l%"s\)a

.-v‘" -t?‘s\e«"!-

Al
.{‘«J

”rﬁ r\‘

%'::{?%E

. L I ‘
f..-ﬁl»ﬁwﬂ o, e; 5..‘ L

AN

i
wm’*% % %
i\ \,

7S a{
i"‘!}gﬂ;%: 1.:“"
R

S FEY ﬁ“{""t G2 ﬂ‘ p
”aﬁe&wu jﬁ“i- I ?w;,%}':‘

R

S
2"?2%{5:\:»\:*

i

i
ﬁ“ -@%{‘5‘
i‘ 1‘ ?};*)ﬁ ﬂ) A

4 £
'\Tg- by

|-- 4.,,,

o

it
“%.. i

R

:ﬂ;.\{;:},;‘..

Kol
Vo
é__“_.,‘,. ,,}!

{1 1‘!‘ i‘:v'!“

) ;
L
e

i
et

é

m@

% l‘i; YTk ik

“ﬂ-ﬁi

}‘*( ! a.. u-
.g Jq\n ‘s'

3 4:;/*
? e

"i‘i%u'

qt'l"m. “"L,,

5:.

P
:

L T
et

; ’%
G
L’A.;S:‘n

SN

ﬁf
i *-« w“‘f‘“ é«‘&"
vw i ‘\’“ "igf'?a';;"*‘i" A }

:i%*,.

F

sndli
Al Atrrey
- *

5 3}1’“

3 »..rm.

\‘:n\ P
i 4T
i

i e Nl -.
-u;.,.b’i” r"‘\’

A

\,a\ ﬁ

i m‘

p-!"'f .Q?':« i

.,;_ .%. L
M:,-gi.m&
3 %ﬁ;«yk

h ?‘
-M}%«
T.-w
} ‘.‘}’...J'f

d
—h .\‘t
nh‘. s

_13-1 !n

t £ M
2 %"’ AR : f""‘lg‘
ﬁﬁw 5 «.ﬂ

4% S 5
W i’.“(.i_} S L‘*-: A
b AR MR

e

¥

*;hl
w;"ﬁ T
,_vﬁi f’é?'\h"‘

H‘“‘”,I'o;i*.

Lo bt Sh BV

1 i;".‘i;"mr
1} ‘} s
! {c Yo t' :
)

{f:ﬂ! 4 g;;

' ‘5‘:%. 8 *»
e
o a%@*‘aﬁfw

4 G
‘w:
f );5"."“@ 3

g

R, e

i;p* naﬁf i
e, :’qﬁ—l
Sy

¥

ar,‘;,,‘.. e

1 .j‘l'.?»u. A
:4.-’3’ :* !:»:;"WH

13

\F
x wg;nig,
S@‘; ’Ln.'gl
t {" I

n-,',"o s:'r K

.I :’F “3‘ \.\ fl

x?* ? ‘, fuﬁ, &

T, t“
|.,;‘£ >




NATIONAL ENERGY AUTHORITY
KINGDOM OF THAILAND

PRE-FEASIBILITY REPORT

KHLONG THA DAN
HYDROELECTRIC PROJECT

JJ@\ LIBRARY '

JuLY 1971 LT

050011041

OVERSEAS TECHNICAL COOPERATION AGENCY
GOVERNMENT OF JAPAN



E A FEE

|22

H [3 ’84. 516
b4

| %ﬁf@_ii“o'~ []4,.682 ( SD




Preface

In January 1971, the Government of Thailand made a request to the Gevernment of Japan
for technical cooperation in conducting a pre-feasibility study of the Khlong Tha Dan Hydro-
Electric Development Project located in Central Thailand and a reconnaissance study for the
Nam Pai Hydro-Ele?tric Power Development Project in the north-western part of this country.
In complia’nce with this requést, the Government of Japan entrusted the Overseas Technical Co-

operation Agency (OTCA) with the performance of these aforementioned studies,

Taking the features of the said projects into account, OTCA dispatched to Thailand
a survey team composed of five members from the Electric Power Development Co,, Ltd, for
the purpose of undertaking field surveys and collecting necessary data during the period from

February 3 through March 19, 1971,

After their return to Tokyo, the survey team carried out a series of studies in connec-
tion with these projects in full collaboration with well-qualified experts and specialists of the
said firm and prepared this report based upon the results of the field studies as well as data

obtained during the team's stay in Thailand,

It is reported that the economic situations in the majority of Asian countries are
stagnant while the Thal economy has been advancing at a remarkably rapid tempo. During the
period of the first economic development plan (1961-1966), her annual economic growth reached
7.2%, and that for the first three years after the commencement of the second economic de-
velopment plan (1967-1971) grew at a rate of 7.6%. Approximately 30% of the gross domestic
product of Thailand is occupied by her agrlcultural sect‘or w1th‘ the mining and industrial
sectors accounting for 16% of the total “The manufacturmg mdustnes have recently been in-
creasing by approximately 12% on the average per annum. Besides, electric power consumed
by the industrial sector comprises more.than 60% of the total power consumption in Thailand,
With an increase of production in the mi?xing and industzial sectors, a large increment in their

consumption of electric power can be aniticipated.



For these reasons, it i3 my sincere hope that this report will be of help in the formu-~
lation by the Government of Thailand of its long-range power development programs and the

determination of guidelines for conducting the required investigations in the future,

On behalf of OTCA, I would like to take this opportunity to express my heartfelt
gratitude for the hospitality and kind cooperation which officials of the Government of Thailand

and associated organzations extended to the team during their stay in Thailand,

o év/‘-—v

Keiichi Tatsuke

Director General

Overseas Technical Cooperation Agency



LETTER OF TRANSMITTAL

Mr. Keiichi Tatsuke, Director General

Overseas Technical Cooperation Agency

Sir:

Submitted herein is a Pre-Feasibility Report regarding the Khlong Tha Dan Electric

Power Development Project, Thailand,

The Overseas Technical Cooperation Agency (hereinafter called OTCA), for the purpose
of pre-feasibility investigations of the Khlong Tha Dan Project and reconnaissance survey of )
the Nam Pai Project, sent a survey team consisting of five experts of the Electric Power De-
velopment Co., Ltd. (hereinafter called EPDC), to Thailand from February to March 1971. The
survey team, based on "Report of Reconnaissance of Khlong Tha Dan Basin" submitted to the
government of Thailand by OTCA in June 1965, carried out on-site field investigations of to-
pography, geology, construction materials and hydrology. It also investigated the electric

power demand and supply conditions, while also collecting other information necessary for

planning.

The survey team, on return to Japan, based on the results of field investigations and in-
formation collected, performed analyses of hydrologic data, made load forecasts, carried out
rough designs, estimated approximate construction costs, compared alternative plans and
evaluated the economics 1 preparation of this Report, at the head office of EPDC under the

direction of the Chief Engineer and with the cooperation of engineers of the company.

A major point of the Khlong Tha Dan Power Development Project 1s to effectively utilize
a head of approximately 300 meters of a waterfall named the Heo Narok at the Khlong Pun site
on the upstream part of the Khlong Tha Dan River. It has been found that by taking advantage
of this head, it would be possible to develop this Project as a hydroelectric power source for

peak loads with a capacity of 120 to 540 megawatts.

Since the location of the Project is at a close distance to Bangkok of only 120 kilometers,
transmission of power to Bangkok, where there is great demand of power, can be easily accom-
plished. Further, in the future, should thermal power stations and nuclear power stations of
large-capacity be constructed in Bangkok, by effectively utilizing the midnight surplus power
of these stations for this Project, it would be possible to develop this Project as a power project

of pumped-storage type.



In this Report, three possible alternative plans, which would be developed as mentioned
above, have been selected from the numerous plans conceivable, The most advantageous plan of

development should be ascerted in a feasibility study which would be carried out in the future.

In addition, this Project will have an effect not only in the aspect of electric power de-
velopment, but also in the aspects of irrigation development of downstream areas and of develop-
ment of tourism in the project area. There should be a necessity to carry out surveys and talks

among the Thai authorities regarding these two aspects..

In closing, it is wished to express the heartfelt gratitude to Mr. Nitipat Jalichan, Secre-
tary General of the National Energy Authority, and the officials concerned of the National Energy
Authority, the Electricity Generating Authority of Thailand, the Royal Irrigation Department, the
-Department of Land Development, the Royal Forestry Department, the Department of Technical _
and Economic Cooperation, the local government office of Nakhon Nayok Province of Thailand,
the Embassy of Japan, the Government of Japan and the OTCA for their great assistance and

cogoperation in carrying out the survey.

Yours respectfully,
Mitsuharu Sato, Chief

Thailand Khlong Tha Dan .
and Nam Pai Survey Team

July 1971
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Unit and Coaversion of Unit

mm : Milimeter

cm : Centimeter

m : Meter

km 3 Kilometer

sq. mim : Square milimeter

8Q. cm : Square centimeter

sgG. m H Square meter

sd. km : Square kilometer

ha : Hectare

cu. m : Cubic meter

gY : Gram

kg : Kilogram

ton : Metric ton

m/sec : Meter per second

c.m.,s, H Cubic meter per second
cu.m.s. -day : Cubic meter per second - day
kW : Kilowatt

kWh : Kilowatt hour

MW : Megawatt

KV : Kilovolt

kVA : Kilovolt - ampere

MWh : Megawatt - hour

T.p.m. : Revolutions per minute

EL : Height above mean sea level
°c : Degree in Centigrade
p.p.m, : Parts per million by weight
% : Percentage

3 : U.S, dollax

B : Baht

1ha : 10,000 sq.m, 6,25 rai

1 rai : 1,600 sq,m, 0.16 ha

1 MW : 1,000 kW

1% : 100 cent, 1,000 mill, 20.8 Baht, 360 Yen

1B : 100 Satang, 0.0481 dollar, 17.31 Yen



Changwat

Amphoe

Ban

Mae Nam
Nam
Lam
Huai
Khlong
Khao

GDP

GNP

Terms

A political subdivision of the Kingdom of Thailand; the English equivalent

is province,

A political subdivision of a province {changwat); the English equivalent

is district,
A village

A large river,

A medium -sized river,
A small ri\"er.

A rivulet,

A stream

A mountain, a hill

Gross Domestic Product is GNP less net income earned abroad.

Gross National Product represents the total monetary value in current
prices of poods and services produced for sale in a given year plus an
estimate of certain outputs {goods and services) that are neither bought
nox sold, GNP is a useful means of measuring the economic growth of

a country.
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CHAPTER 1 INTRODUCTION

1.1 Authorization and History

The population and the GNP, which 1s generally an index of a nauonal economic de-
velopment, of Thailand have recently shown annual growth rates of 3% and 8% respecuvely. In
parallel with these growths, the Thailand's power demand has shown an extremely prominent
growth rate averaging 22% annually. Particularly, this trend is promuinent in the capital city
of Bangkok and 1n 1ts surrounding area, In order to cope with this increase in power demand,
the National Energy Authority (hereinafter called NEA) has been planning hydroelectric power
development 1n the Khlong Tha Dan River basin located 120 km northeast of Bangkok and also
in the Nam Pa1 River basin near the city of Chiang Mai, the second largest city in Thailand.
On 19 January 1971, Department of Techmical and Economic Cooperation, on behalf of NEA,
requested the Government of Japan to conduct a pre-feasibility survey of the Khlong Tha Dan
River and a reconnaissance survey of the Nam Pai River. In response to this request, the
Government of Japan commuissioned the Overseas Technical Cooperation Agency (hereinafter
called OTCA} to carry out this undertaking. OTCA, in view of the fact that the main purpose
of this program was electric power development, organized a Survey Team comprised of the
five persons listed below from the Electric Power Development Co., Ltd. (hereinafter called

EPDC) and sent it to Thailand on February 3, 1971,

Period
Chief Mitsuharu Sato Cvil 3 Feb 1971
Engineer 19 Mar 1971
Member Hideharu Kashiwag: Geologist 3 Feb 1971
19 Mar 1971
Member Tsutomu Kidahashi Electric 3 Feb 1971
Engineer 19 Mar 1971
Member Katsunor1 Hashimoto Planning 3 Feb 1971
Engineer 4 Mar 1971
Member Azuma Tsunoda Civil 3 Feb 1971
Engineer 19 Mar 1971

The Survey Team, upon returming to Japan, from 20 March to 20 June 1971, based on

the informanon gathered locally, carried out studies of this Project at the head office of EPDC



under the direcuion of the Chief Engineer and with the cooperation of engineers of the
company, Analyses of hydrologic data, load forecasts, comparison studies of development
schemes, economic cvaluation and other works were performed for the preparation of this

Repoxt,

This Report 1s concerned with the Khleng Tha Dan Project out of the two projects for

which surveys were conducted.

1.2 Scope of Report
There are two existing reports concerned with the Khlong Tha Dan Project.

1) "Report on Reconnaissance of Khlong Tha Dan Basin,” Overseas Technical

Cooperation Agency. Government of Japan, June 1965.
2) "Desk Study of Khlong Tha Dan Project, " National Energy Authority, May 1970,

These reporis briefly describe schemes of developing this Project as conventional

hydroelectric power development and as pumped-storage hydroelectric power development,

The purpose of this Report 15 to reexamine possibility of these two methods of power
development, to select optimum plans for the respective cases and to make recommendations

necessary for a feasibility study that would be made m the fuwure,

[n the course of the field investigations, a land at the downstream area of the Khlong
Tha Dan Ruiver was found to be promissing for irrigation, and a very brief,tentative study 1s

added in this regard.

1.3 Basic Data

Data gathered in the field investigations are indicated in Appendix A-3. This Report

has been prepared based on these data.



CHAPTER 2
SUMMARY AND RECOMMENDATIONS



List of Figure

2-1 Plans of Layout of Selected Alternative Plan



CHAPTER 2.  SUMMARY AND RECOMMENDATIONS

Summary

At the present tune, according to analyses based on lunited information, it would be

appropriate to develop the Khlong Tha Dan Project mainly for the hydroelectric power genera-

tton to meet peak loads in which regard the following three alternative plans are 1dentified

as potennally attractive. (See Fig. 2-1)

1) Plan of Development of Conventional Type {(Plan C):

As a result of study of several conventional plans of hydroelectric power
development (without considering pumped-storage power development), plan C 1s the
most promising of those plans. Plan C 1s a plan to construct the Khiong Pun Dam. 62 m
lzgh, on the upstream part of the Khlong Tha Dan River to creale a reservoir. taking
water of the adjacent Khan River Basin into this reservoir and generating 120 MW of
power at an outdoor type powerhouse in the downstream of the dam, The annual benefir-
cost ratio of this plan, when the period of analysis is taken to be 50 years, would be

approximately 1,1 and the plan C is idnetified as potentially attractive.

2) Plan of Development of Pumped ~Storage (Plan R):

Leaving the layout and power generation facilittes of the abovementioned

plan C unaltered, the Khlong Tha Dan Dam, 56 m lugh. and a 20~-MW, outdoor type

power plant are further o be built in the downstream of the Khlong Pun Dam. In ad-
dition to thus layout, on the right bank side of the Khlong Tha Dan Reservoir at a terrace
of comparatively high elevauon, the Sam Sip Upper-Reservoir 1s to be created and a
recirculating type underground pumping-up station of 400 MW is to be built with the
Khlong Tha Dan Reservoir serving as the lower reservolr, The lotal output of the
Project would then be 540 MW, The annual benefit-cost ratio, when the period of analysis
is taken to be 30 years, would be approximately 1.1 and the plan R is 1dentiflied as

potentially attractive.
3) Plan of Pevelopment of Pumped-5torage (Plan M):

The Khlong Tha Dan Dam is to be constructed downstream of the Khlong Pun
Dam of the abovementioned plan C to provide the Khlong Tha Dan Reservoir. However,
the Khlong Pun Power Siation unlike 1n plan C would be an underground type. and the

plan is to utthize the Kirlong Tha Dan Reservoir as the lower-reservolr and the Khlong



Fig 2-1 Plans of Layout of Selected Alternative Plan

Alterngtive Plan C

Khon Basin

Khlong Pun Reservoir

Khlong Pun Dam

Khan Basin Sam Sip Reservoir

Sam Sip Pumping up P.S

Khlong Pun Reservoir

Khiong Tha Dan
Reservoir

/ Khlong Tha Dan Dam
Khlong Tha Don PS.

Khlehg Pun Dom

Khlong Pun PS.

Alternative Plan M

Khlong Pun Reservoir

Khlang Pup Dam

Khiong Tho Dan P.S. Khlong Pun




Pun Reservoir the upper-reservoir to provide a multi-use type pumping-up station
with an output of 400 MW, The total output of the Project would then be 420 MW, 'The
annual benefit-cost ratio, when the period of analysis is taken to be 50 years, would be

approximately 1.0 and the plan M is identified as potentially attractive.

Which of the three cases above would be the best plan of development would be determined
in a feasibility study after studies of aspects of electric power in Thailand such as the future

growth in power demand and further detailed surveys of the physical features of the Project,

In regard to the aspect of electric power, according to this pre-feasibility grade study,
the energy demand and the peak demand in 1980 will be 15,900 x 1{)6 kWh and 3,000 MW re-
spectively. For this reason, electric power development, both hydro and thermal, has become

an urgent problem and this Project would be considered in this light,

Due to such a situation, a nuclear power station would be provided during the period
from 1970 to 1980. On the one hand, the present pattern of power consumption has a con-
spicuous peak at the lighting-up time in the evening. Taking these two aspects into account,
it should become necessary to develop pumped-storage power stations to satisfy the future
peak demand of power, utilizing available surplus energy of both thermal and nuclear power
stations at midnight. The Khlong Tha Dan Project would consist of hydroelectric power
stations with high heads rarely seen in Thailand. Further, it is located at a close distance
from Bangkok of only 120 km. It has therefore a possibility of becoming a promising pumped-

storage power source,

According to results of surface reconnaissance of the project sites, it seems that

there would be no unusual problems in engineering design and construction.

Water used for power generation in this Project can again be utilized as irrigation
water in the downstream area. Especially, water taken from the Khan Basin will increase the
irrigational benefit to the area. The irrigable area in the dry season would be approximately

6,400 ha and the surplus benefit from this could be expected to be about B1,500 per ha annually.

On the other hand, due consideration should be given to the sight-seeing spots, for
example, by releasing some quantity of water for the water-falls, although its negative effect
on power generation would be considerably smaller than the invaluable benefit of people’s

recreation.



Recommendations

(1) From the above conclusions, the Project is thought to be promising and it 1s
recommended for a feasibility study to be made. For this purpose, it is recommended

to carry out the two items below,

(2) Provision of topographical maps, performance of geological survey works and

continuing compilation of hydrologic and meteorological data. (See Chapter 9)

(3) Further investigation and study in the feasibility study on the following items

1n regard to pumped-storage power generation:

1) Role of pumped-storage power generation in the power system of
Thailand,

i) Capacity of appropriate pumped-storage power generation,

i1i) Timng of pumped -storage power development and stage development

of Project,

iv) Surplus energy of nuclear and/or thermal power stations, and
v) Cost per kWh when surplus energy is to be utihized as power for
pump-up.
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Photo. 3—2 Third Fall of Heo Narok Waterfall in Jungle
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Phto. 3—3 South Bangkok Thermal Power Plant Under Construction
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CHAPTER 3. OUTLINE OF PROJECT AREA

3.1 General Geography

On the northern side of Nakhon Nayok City, only 100 km northeast of the capital city
of Thailand, Bangkok, Mt. Khao Khieo rises up to an elevation of approximately 1,300 m, Due
north from this wmountain, the Dong Phraya Fai Mountain Range extends in a band 80 — 20 km
wide to the Mekong River. Also, due east from this mountain to the Mekeng River, the Phanon
Dang Paek Mountain Range extends similarly in the form of a band. In other words, these
two mountain ranges are connected at Mt, Khao Khieo in an L-shape to divide Thailand into
the Central Region and the Northeastern Region (Khorat Plateau). Part of this connection area
has been designated by the Government as Khao Yai National Park 1n which the Khlong Tha

Dan project area 1s situated. (See Fig. 3-1)

The southern side of Mt, Khao Khieo is the Khlong Tha Dan Project area. The Khlong
Tha Dan River has its fountainhead 1n this mountain range and flows from east 1o west, and

merges with the Nakhon Nayok River.

The Nakhon Nayok River midway 1n its flow runs through the city of Nakhon Nayok and
joimng the Mae Nam Bang Pakhon which flows into the Guilf of Thailand near Chachoengsao

east of Bangkok, (See Fig, Key and Location Map)

The major ciries 1n the area surrounding the project area are Bangkok, Nakhon Nayok,

Sara Buri and Pranchin Burl to the south and Nakhon Ratchasima (or Khorat) o the north,

Bangkok 1s the capital of Thailand and is the largest city of the country, Nakhon
Ratchasima following Bangkok and Chiang Mai is the third largest city of Thailand. Nakhon
Nayok, Sara Buri and Prachin Bur are all capitals of provinces called changwat and the

populations are 20,000 to 50,000,

The population of the capital, Bangkok, was approximately 1,700,000 according to the
census of 1960, but 1 1963 it had reached approximately 2,100,000 for an wncrease of approxi-
mately 23.8% 1n a period of 3 years. Therefore, if the population has continued to increase at

the same rate, 1t is estimated 1t would presently be more than 3,500,000.

At Bangkok, an infrastructure of communications, transportation and electric power
has been built up and the city 1s the center of commeryce and industry, Also, the city competes

with Singapore as the center of Southeast Asia.



In the area surrounding Bangkok, there are many water channels and rice fields, but

they are not proving to be barriers to expansion of the city,

Besides, the city is supplied with power from North Bangkok Steam Plant (237.5 MW) and
diesel power plants in its vicinity, and from distant places such as Bhumibol Hydreelectric

Power Station (420 MW),

The population of Nakhon Ratchasima was approximately 42,000 in the census of 1960,
but in 1963 it had increased to approximately 52,000 for a population growth rate of 24% in
3 years. This city is an important point on the highways and railraods connecting the North~-
eastern Region with Bangkok and is a collection point for the agricultural products of the

Northeastern Region,

The city 1s mainly supplied with electric power by transmission line from Ubolratana

Power Station (25 MW) and has a local diesel power plant as a supplement,

In the neighborhood of the project area there are a number of factories and mills.

These plants are of relatively small scale, most of them being no more than cottage industries.

Near Sara Buri, there are factores for cement and cement products, brick and tile,
and crushed stone and stone products, In the vicinity of Nakhon Nayok there are crushed
stone and stone products factories and an ice manufacturing plant, Near Prachin Buri there
are plants for crushed stone and stone products, and lumber and plywood, Limestone

quarried at Prachin Buri is used as construction material.

There are a number of mineral resources 1in the vicinity of the project area, but the
degree of development is low while the reserves are unknown. Graphite, copper and iron
are produced near Sara Buri, while pagoedite, soapstone and talc are produced near Nakhon

Nayok, Near Prachin Buri, copper, gold and porcelain clay are produced.

The distance from Bangkok to Nakhon Nayok is connected by National Highway 305.
This highway is an asphaltic concrete road and the distance from Bangkok to Nakhon Nayok
is only approximately 100 km., Also, National Highway 33 connecting Sara Buri, Nakhon

Nayok and Prachin Buri is an asphaltic concrete road.

The distance from Nakhon Nayok to Wang Ta Kai Botanical Garden and Nang Rong
Waterfall near the entrance to the Khlong Tha Dan Basin is approximately 15 km, over which
there is an asphaltic national highway approximately 4 m wide, Further, from Nakhon Nayok
to Ban Tha Dan Village at the entrance to the Khlong Tha Dan Basin, there is an unpaved
provincial road approximately 4 m wide, Therefore, it may be said that accessibility to the

Khlong Tha Dan project area is very good.



Fig 3-1

Klang Tha Dan Reservoir
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However, up to the present, there is no road beyond the entrance of the Khlong Tha
Dan Basin to approach upstream points. The upstream area is covered with dense evergreen
forests. Therefore, the only way of approaching upstream locations is to follow a wild ele-

phant trail on foot,

In the downstream from the proposed Khlong Tha Dan Dam to National Highway 33,
there are approximately 20,000 to 30,000 ha of arable land, This arable land adjoins the

existing Nakhon Nayok Irrigation Project with National Highway 33 as the boundary line,

For the present, factories around the project area are not of large scale so that the

major load center for the electric power from this Project would be Bangkok.

The area around Bangkok is rapidly becoming industrialized while the general demand

for power in Bangkok is also increasing greatly,

3.2 Climate

According to data published by the United Nations*, the climatic zone of the project

area s that of a "tropical wet and dry climate" and has the followin features:
p Xy g

"Distinct dry season during winter (generally November — March) with at Jeast one

monthly rainfall, mean temperature of the coolest month above 18°C."
In general, there are three seasons in this climatic zone:
1. Hot season: Mid-February — Mid-May
2, Rainy season: Mid-May — Mid-October
3. Cool season: Mid-October — Mid~February
That there are three seasons is due to the influence of monsoons on this zone,

From mid-May until mid-October, the southwest monsoon blows in carrying moisture

from the Indian Ocean to bring about the rainy season.
The rainfall is especially heavy in August and September,

From mid-October until mid-February the northeast monsoon blows down from the
mainland of China and the Siberian area to produce the cool season during which there is

Practically no rainfall,

* "Atlas of Physical, Economic and Social Resources of the Lower Mekong Basin,"

September 1968, United Nations.



From mid-February to mid-May is a transition period in which the Pacific air mass

moves to this zone from the east and southeast, Because of this the weather is hot and dry.

The climatological data for the project area are as shown in Table 3-1,

Table 3-1 Climatological Date of Khlong Tha Dan Project
{Data at Prachinburi) *

Month Monthly Mean Temperature (°C) Season
Jan. 27.1 Cool
Feb. 28,7 "
Mar, 30.1 Hot
Apr. 30,7 "
May 29,6 Rainy
June. 28.8 "
July, ) 28.4 "
Aug, 28.3 h
Sept. 28.0 "
Oct, 28,2 "
Nov. 27.8 Cool
Dec. 26.8 "
Average 28.5

*  Comprehensive Development Scheme, Nam Sai Yai Basin,
OTCA, Government of Japan, Sep. 1968, p 42



3.3

Present Conditions of Electric Power Industries

All of the electric power industry of Thailand, except for small-scale private power

companies, is operated by state enterprises, The administrative supervision of the Govern-

ment over the electric power industry is shared by two government agencies, the Department

of Public and Municipal Works of the Ministry of the Interior and the National Energy

Authority under the Ministry of National Development, while as electric power industries,

power generation and transmission are carried out by the Electricity Generating Authority of

Thailand, and power distribution by the Metropolitan Electricity Authority and the Provincial

Electricity Authority, The major authorities concerned with the electric power industry are

described below,

National Energy Authority (NEA)

NEA comes under the jurisdiction of the Ministry of Development and carries
out establishment and coordination of the overall power develop;ment program. At the
same time, NEA constructs hydroelectric power stations already having completed
Nam Pung Power Station (6 MW) 1n the Northeastern Region, while Lam Dom Noi
Power Station (2;} MW, ultimately 36 MW) and Mae Hong Son Power Station (1 MW) are
now under construction. However, NEA does not operate power stations which have

been completed, these being assigned to EGAT,

Besides the above, NEA from a national development standpoint, is engaged in
surveys of lignite resources, planning of crude oil transportation by pipeline and of

surveys for oil-well development in the Gulf of Thailand.

Electricity Generating Authority of Thailand (EGAT)

EGAT is an authority which was established newly in May 1969 through uni-
fication of the Yanhee Electricity Authority, the Northeast Electricity Aughority and
the Lignite Authority which had existed up to that time. Through this unification,
whatever had been operated independently up to that time, including power generating
facilities and power transmission facilities, came to be operated as one, and an
efficient management is looked forward to, The power produced 1s sold wholesale to
MEA and PEA, but direct supply 1s also made to some of the larger consumers.

{See Table 3-2)



Metropolitan Electricity Authority (MEA)

This is an authority which supplies electric power to the Greater Bangkok
Area where approximately three-fourth of the entire power load of Thailand is con-
centrated. The electric power is purchased wholesale from EGAT at primary sub-

stations. MEA comes under the Ministry of the Interior.

Provincial Electricity Authority (PEA)

This is an authority for electric power distribution supplying all of Thailand
other than the MEA supply area. The power distributed by PEA is mainly purchased
wholesale from EGAT, but at areas isolated from the EGAT system, PEA is carring out

power generation with diesel engines. PEA comes under the Ministry of the Interior.

Table 3-2 Generating Facilities of EGAT

1. Central and North Region
Installed Capacity (MW)
Total Hydro Thermal
Bhumibol Hydro 420 420
Noxrth Bangkok Thermal 237.5 237.5
South Bangkok 200 200
Mae Moh Thermal 12,5 12,5
Samsen old Thermai 17 17
Gas Turbines 60 60
Diesels 27.4 27.4
Total 974.4 420 554.4
2, Northeast Region
Ubol Ratana Hydro 25 25
Nam Pung Hydro 6.3 6.3
Nakhon Ratchasima Gas Turbine 15 15
Udon Thani Gas Turbine 15 15
South Ratchasima Diesel 4 4

Total 65.3 31.3 34



3. South Region

Krabi Thermal 60 60

Phuket Diesel 10.6 10.6

Total 70.6 70.6
4, Grand Total 1,110.3 451.3 659.0

Royal Irrigation Department (RID}

RID has a long history of water resouxces development planning and execution,
The well-known Bhumibol Project was completed by this department. In Thailand,
there axe many cases when water resources are planned to be developed for multiple
purposes.such as hydroelectric power generation and irrigation or flood control, RID

comes under the Ministry of National Development.

The power system of Thailand, since the start of EGAT in May 1969, has been operated
with the Central, Northern and Northeastern regions as a single system. Through this uni-
fication, except for the Southern Region which because of geographically isolation will not be
interconnected with the Central System until a considerable time later, all of Thailand has

come to be interconnected,

Since approximately 75% of the power demand of entive Thailand is concentrated in
the metropolitan area with Bangkok as a center, the power system takes on a form to
correspond to this situation. In other words, the skeleton of the power transmission system
of Thailand is formed by the trunk transmission lines connecting the hydroelectric power
resources area in the north and Bangkok, and the perimeter transmission line connecting the
thermal power stations of large-capacity around Bangkok. The maximum voltage of the system

is 230 kV. In the Northeastern Region, a 115-kV transmission line serves as the trunk line.

Total Generatien Increase
Year (miilion kWh) (%)
1959 498 -
1960 567 13.8
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1961 680 20.1

1962 776 14.0
1963 913 17.7
1964 1,092 19.6
1965 1,406 28,7
1966 1,854 319
1967 2,414 30.2
1968 3,062 26.8
1969 3,727 21.7

Ten-Year Average 22.3

The growth in power démand in recent years has been truly amazing, Particularly,
during the three years of 1965, 1966 and 1967, the growth rate over each preceding year was
around 30% to double the demand in 3 yeaxs, This is such a high rate that it may be said to be
abnormal considering that in the developed nations of Europe and America doubling of demand
is said to take a period of 10 years (7% in annual growth rate), In order to cope with this sharp
load increase, EGAT has hurriedlyinstalled a total of 150 MW in gas turbines which have short

delivery times.

The reason conceivable for such sharp increases in demand is the stable political
situation under which industrialization policies are effectively being caxxied out, resulting in
vigorous econotmic activity. In the first half, 1961 — 1963, of the First Five-Year Program
for Economic and Social Development, a growth rate in GNP of 6% was achieved, which ex-
ceeded the 5% targeted, and in the Second Five-Year Program a target growth rate of 8,5% has

been established,

However, even the Thai economy which had boasted such a high growth, has slowed
down so far as seen from power demand with 1967 as the borderline, and in 1968 the growth
rate in the demand was 26.8% and in 1969 it was down to 21,7%. If the statistics for 1970 had
been available, this trend could have been confirmed more distinctly, but this was not possible.
However, according to presumptive information, it is estimated that the rate was somewhat
below 20% in 1970. Even then, this figure itself is still high, being two to three times that of

ordinary countries,
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in this way, the growth in power demand in Thiland hereafter may not be explosive, but

still a high level of moze than 10% should continue for a fairly long period.

This is because the population increase is still continuing to indicate a high rate of
more than 3%, the energy production per capita was 90 kWh even as late as 1968, extremely
low as seen from the world level, while only 17% of the entire population was being supplied
with electricity even in 1969, Therefore, if consolidation of the power distribution network and
lowering of electricity rates are carried out steadily, there is adequate room for demand to
increase. With the rise in living standaxds centered in the cities, energy consumption has
increased at a fairly high rate (in the MEA area, between 1964 and 1968, the consumption for

residential use per customer increased at an average annual growth rate of 13%).

The power generating facilities of Thailand are as indicated in the table 3-2, the

installed capacity being 451 MW hydro, 659 MW thermal for a total of 1,110 MW.

Of hydroelectric facilities, the main is Bhumibol Power Station, 420 MW (70 MW x
6 units), while North Bangkok Thermal, 237.5 MW (75 MW x 2 + 87.5 MW x 1), and South Bangkok
Thermal are the major thermal power plants. Samsen Thermal Power Station (17 MW) has
become fairly aged. As for diesel generating facilities, an overwhelming number is of small

scale of about several hundred kW.

Of the power stations presently under construction, those which are hydro are Lam Dom
No1 (24 MW, to be completed end of 1971), Nam Phrom (40 MW, to be completed 1972} and
Sirikit (First Stage, 250 MW, to be completed 1973} for a total of 314 MW.

As for thermal plants, in succession to the No. 1 Unit at South Bangkok, the No. 2 Unit,
200 MW, is under construction and 1s scheduled to be added to the power system in 1972,
Further, with respect to the No. 3 Unit, 300 MW, the equipment has already been ordered and
completion of this unit is planned to be in 1974, This power station, including a fourth unit,

300 MW, is planned to ultimately have an cutput of 1,000 MW,

In step with development of these power sources, the power system has been gradually
expanded, and with completion of Lam Don Noi and Nam Phrom power stations, it is also
planned for the trunkline network for the Northeastern Region consisting of 115-kV trans-

mission lines to be completed. Also, with construction of South Bangkok Thermal Power
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Station, the outer loop line surrounding the Bangkok-Thon Buri area has been completed to
improve greatly the reliability of supply to the capital area. In the provinces, the construction
of 69-kV and 22-kV trunk distribution lines is progressing and supply is being made to in-

creased new customers.

At the strong behest of the Thai Government, the electricity rates in Thailand have
been lowered every two years, which has stimulated demand and has been one of causes of the

abnormal growth rate,

The electricity rates differ according to area in the rates of MEA applied to the
capital area and those of PEA to the other areas. The PEA rates further differ again accord-
ing to area with a large spread between the rates depending on whether the source of power
supply is diesel or purchase from EGAT, These rates are 80 — 100% higher than those of
MEA,

In the Central Region, the wholesale rates of EGAT to MEA and PEA differ greatly
according to load power factor. At power factor of 709, the rate is 0.285 Bahf/kWh. Against
this, the electricity rates for large consumers of MEA and PEA are 0,30 Baht/kWh and 0,357
Baht/kWh respectively (power factor 70%). On the one hand, the electricity rate for residential
use in the case of MEA, calculated on a trial basis assuming consumption of 100 kWh per
month, would amount to 3,31 cents pexr kWh and is fairly cheap, but this is 5.61 cent/kWh in the

case of PEA, This rate in areas supplied by diesel becomes 7.02 cent and is extremely high.

The Thai Government, recognizing the importance of electricity rates on the people’s
livelihood and economic activity, has acted positively for reduction in these rates. The table
below shows the relation between reduction in electricity rate and increase in consumption per

customer.

Energy Consumption Average Annual Revenue
Year per Customer (KWh) pexr kWh Sold ($)
1964 1,455 0.76
1965 1,809 0.66
1966 2,261 0.61
1967 2,762 0.57
1968 3,207 0.53
1969 3,560 0.53
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The electricity authorities, MEA, PEA and EGAT have coped with the reductions of rate
through rationalization of management, modernization of facilities and increase in quantities
of energy sold, but as can be seen in the table above, the reductions in the rates have become
gradually smaller, indicating that the limit in reductions through such measures is being

approached,
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CHAPTER 4, PROBLEMS AND NEEDS

[t would be needless to say that the electric power is one of factors essential to eco-
nomic development of a nation. This electric power must be abundant and cheap, and the

supply thereof must be dependable.

‘The Royal Thai Government, because of this necessity, has been exerting itself with
respect to the electric power development and the electric power supply. However, because
the economic development has been very rapid, power demam has exceeded supply until
recently. Ivis only very recent that it has become possible to supply the relhable electric
power with reasonable cost in comparatively sufficient quantity to the capital city of Bangkok.
Since the economy of Thailand centered 1n Bangkok would still continue to grow, the
necessity for the electric power development 1s a current problem which will persist 1n the

future.

The Thai Government, because of this urgent need for the electric power development,
is planning to develop, besides hydroelectric power plants, exclusively o1l-burmag thermal
power plants and a nuclear power plant in the area surrounding Bangkok. As in many developed
countries, these power plants in an interconnected power system would supply base loads.
while the hWiroelectric power plants would supply peak loads. In other words, a necessity
would arise for hydroelectric power development projects to be planned to serve as peak load
stations. Further, thermal power plants and nuclear pewer plants, for the reason of economy
tn their operation, present the problem of surplus power being produced at midnight. The
necessity should arise in the future of planmng the construction of hydroelectric power
stations for pumped-storage power stations which would vtilize this surplus power and

could be operated efficiently as peak load stations.

The Khlong Tha Dan Project area, as indicated 1n the Key and Location Map, 1s close
to the capital city, Bangkok, and a major city of the Northeastern Region, Nakhon Ratchasima
(Khorat), so that 1t 15 located at a site well suited for a peak load station and should be able

to meet at least part of the necessuty for such stations.



4.1 Load Forecast

It has been considered to be one of the most difficult tasks to accurately make a load
forecast for the electric power system of Thailand. This i1s because the growth rates of load
more than 20% have unexpectedly continued for a long time. No one had been able to anticipate
such high rates as much as 30% before they actually happened, and load forecasts made in the

past have always been far lower than actual,

In 1966, the Thailand Electric Power Survey Team, sponsored by the USOM, carried out
an investigation of the electric power industry of Thailand and submitted a report named
"Moulton Report”. The load forecast made 1n this survey was based on the "philosophy of
plentifulness” and was of a considerably larger forecast than past ones. The EGAT has es-

tablished its own plan of power development mostly on the basis of the USOM forecast,

On the one hand, the Feasibility Report on the Quae Yai No. 1 Project was submitted
to the EGAT by the EPDC in 1968. In the report, forecast was made based on the correlation
between the GNP per capita and the consumption per capita, The result was slightly lower

than the one forecasted by USOM,

In October of 1969 a study team of the USOM headed by Dr. H.F. Jones prepared
"Thailand Electric Power Load Forecast 1970 — 1990", with the cooperation of Thai govern-

ment authorities concerned. This 18 the latest forecast and is known as the "Jone® Report.”

The present study team has considered the load forecast of Thailand electric power

on the basis of the jones Report as described below.

The significance of the GNP-kWh correlation curve or the so-called world curve is
that in any country in the world — even with differences in geographical, social, economic
and cultural conditions — there is a constant relationship between GNP and kWh as indicated
by the world curve (with of course a fair amount of allowance between upper and lower limits)
(See Fig, 4-1). There is admittedly the appearance of change in GNP-kWh in Thailand which
was much more rapid than that of the world curve, but it is possible to assume that 1n the
future this change will become more moderate to be in line with the world curve. There has
actually been a slow-down in growth of demand and it seems not to be expected for a growth
in excess of 30% in 1970 to be attained as forecast in the Jones Report, while in regard to
reductions in electricity rates, the percentage of reduction has become gradually smaller

and it is thought the effect of stimulating demand will not be as great as before,



Our load forecast was made from this viewpoint with the curve considered to become
paraliel with the world curve from 1970 and thereafter for a more gradual increase in demand
than previously seen. According to such an assumption, from 1970 for two or three years
while the transition is being made from a sharp rise to a more gentle change, it is expected
there will be some error, but it is considered that for the years with which the Khlong Tha

Dan Project will be concerned a reasonable forecast will be provided,

In regard to growth rates in GNP and population, the conditions were taken to be the

same as in the Jones Report, (See Appendix A-1). The results for forecasts are given below.

1975 1980 1990 Umts : Billions

of kWh
GNP I/Pq 8.23 13.1 28.2
GNP /P9 8.35 13.6 31.3
GNP I1/P 8.7 15.4 45,1
GNP 1I/Pg 8.79 15.9 49.3
GNP III/P) 8.67 15.59 53.3
GNP 1I1/P2 9.8 18.3 58.0

Of the results shown above, GNP I1/Py, indicating a median value and considered to give
the most reasonable growth rates for GNP and population, was adopted as the most probable
case., The comparisons with past forecasts are given in Fig, 4-2, As can be seen in the
figure, the results of present forecast are naturally almost the same as those of USOM ox

EGAT until around the year 1980,

In this Report, the establishment of a development plan and consideration of the timing
of development will be carried out based on this load forecast, but the forecast results of the
Jones Report will be used for reference as the upper limit of possibility, As seen in Fig, 4-2,
there are differences with the forecast of the Jones Repoxt of 3.5 years in 1975 and approxi-
mately 4 years in 1978 — 1985, In other words, when development becomes necessary in 1980
based on the present study team's forecast, the necessity would arise prior to this in 1976

according to the forecast of the Jones Repoxrt.

The results of the present forecast have been plotted on the trend curve of the past
growth in electric energy production and the per capita electric energy production curve for
checking (See Fig. A-1-2 and Fig. A-1-3 of Appendix A-1). As seen from the figures, it can
be said the present forecast looks to a growth rate roughly similar to that 1n the stable de-

velopment period from 1954 to 1964,
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In any event, and as has also been stated in the Jones Report, it 1s of most importance

for the results of load forecast to be reviewed yearly with changes in the conditions assumed

and corrections made for a more accurate forecast.

4.2 Load Curve

Fig. 4-3 indicates a typical {max.) daily
load curve for the Central and Nerth Region of
EGAT's system. In the Northeast Region and
in Southern areas, the peak in the evening at
lighting-up time is even more prominent than
1n the Central and North Region, but since the
loads in these areas are only about 5% of that of
Central and North Region, the latter 15 considered
to be representative. For the period from 19466 to
1969, there was no yearly change in the daily
load curve with the daily load factor being
72%. In studying the daily load curve, the follow-

ing can be pointed out.

(1) There are 3 peaks, that is, 1n the
moring, in the afternoon and at lighting-up
tume, The peak in the evening centered
around 6:00 p.m. is exceedingly more pro-

minent than the former two. The duration
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period of this peak is approximately 3 to 4 hours,

4 -] 12 t6 20 28
Hour

Typical Daily Load Curve

(2) The morning peak occurs around 10:00 a.m. but the rise 1s very gentle, The

afternoon peak comes around 2:00 p.m. after the lunch hour and is slightly larger than

the norming peak.

(3) The minimum load is at about 3:00 a.m. in the merning and it is as large as

50% of the daily peak.

The load curve is a reflected figure of national living and industrial activity, but will

not to be considerd 1n a fixed manner. The power consumption in the daytime will increase

with the progress in industrialization, and the daytime peak will become larger with the in-

crease in loads for air-conditioning. It is conceivable for this reason that the load curve will

be changing. However, the load curve would not be changed in the next 10 years, if considera-
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tion is given to the present conditions in Thailand where there are still many areas which have

not been electrified. In fact, during the period from 1966 to 1969, there was an increase 1n power
demand recorded which had never arisen n the past, but so far as seen by the load curves recorded,
there is no prominent change. Therefore, the considerations made 1n this Report will be based on

the existing load curve up to 1969.

4.3 Power Supply fox Peak Load

In the daily load curve of Fig. 4-3, it is indicated that the morning peak is brought
about in a gradual manner. In other words, from the minimum load at 3:00 a.m. the first
peak is reached in approximately 10:00 a.m. and this load can be adequately met even with
thermal power stations. The second peak is slightly larger than the peak in the morning, but
this also is not accompanied by a sudden change. However, the lighting-up peak in the evening
starting from around 5:30 p.m. reaches the peak in one to one and half hours (namely 6:30 -
7:00 p.m.) and subsequently declines rapidly in the same manner and results in a change
corresponding to approximately 20% of the system load in a period of about 3 to 4 hours.
Therefore, against such a sharp rise and fall in the peak, it is thought the most appropriate

method will be to supply power from peak power sources mainly comprised of hydro.

In other words, the loading characteristics of a thermal unit to adapt to the load
is extremely poor due to limitations derived from thermal stxess, and the sudden changes in load
are underirable. As an example, with a 200-MW class thermal unit, 2 hours is required to go
from parallel to full-load operation and more time is required with the most modern equip-
ment which are of large unit capacities, Nuclear power generation is more or less the same
as thermal power in this respect. Also, such load. variation will naturally lower operating
efficiency, On the other hand, hydroelectric units have superior adaptabilities through which
full-load output can be provided in 2 to 3 minutes, and therefore are suited to being operated
at peak hours, It may thus be said that a combination of hydro and thermal, with the base
porticn of the load carried by new, large-capacity thermal power stations and the peaking
portion by hydro, would comprise the best supply method matchung the conditions of the momen-

tary variation in load,

As features required of peak power supply, besides the abovementioned superior
adaptability to loads, the installation cost should be cheap because of the short operating times,
and there should also be a possibility for large scale to be achieved as the growth rate of the

demand is very high.

Generally speaking, there are the following four sources conceivable as peak supply

capacity,



1. Hydro
2, Gas turbine
3. Thermal

4, Pumped storage

Ordinarily, hydro power stations are superior in their advantage of fast-loading charac-
teristics, but the construction cost per kKW is generally more expensive than thermal power
plant, Facilities in Thailand which can be considered as exclusively peak hydro are the No. 7
and No, 8 Units (total 140 MW) of Bhumibol Power Station and the No, 4 Unit (125 MW) of
Sirikit Power Station, The both power plants have dams which are already completed and thus
exceedingly cheap peak supply could be obtained, because the additional construction cost
would be only the equipment costs such as for turbines and generators ($20-30 kW). But
these are special cases and are not general in nature, When there does arise a necessity

for peak supply capacity, it is thought these would be the first to be developed.

Since gas turbines are easy to start and stop, are of compact design and have short
delivery times, there are already ten 15-MW units installed in Thailand, but there are
drawbacks such as the unit capacities cannot be made very big and fuel costs are high be-
cause of low efficiencies, so that it is thought this type would be limited to use in emergencies,

According to the experience in Thailand the construction cost of this type is $120 — 160 per kW,

Using old thermal plants of poor efficiency for peak supply is a common practice in
many couatries, and in EGAT, Samsen Thermal Power Station, 17 MW, has been used in this
manner, but because of its aged condition it is assumed this station will be retired at a time
when a surplus is available in supply capacity. It is thought subsequently, that, thermal units
of old age and small capacities may be made to fulfill this role in oxder, but because of the
fact that they are thermal power plants, they would naturally be inferior to hydro in adapta-
bility to loads and quickness in starting and stopping, and are not suitable fox peak demand of
the type at the evening lighting-up time in Thailand, Thus, these units should do no more

than carrying intermediate loads which cannot fully be covered by hydro.

Pumped -storage power stations are ideal as peak supply capacity and inherit the good
loading charxacteristics of hydro. Such plants absorb the surplus power of thermal and nuclear
power stations produced in the middle of the night for pump-up storage and make possible
high-efficiency operation of these large-capacity thermal units. The stored water is re-

leased for power generation at such times as the evening lighting-up time of strong peak



demand, but this is looked upon not as an energy producer but as a kind of value converter
producing power at peak hours using the cheap power of the middle of the night. In principle,
the water needs only to go back and forth between the upper reservoir and the lower reservoir
so that no discharge is required throughout the year and only waters enough to first fill the
Teservoir is necessary. Geographical limitations are thus fewer and this type may be said to
be hydroelectric power generation free of the limitations of river runoffs. Therefore,

large capacity is readily produced, and since the cost is lowered with larger capacity, this is
most suited for coping with sudden increase in demand, In recent years there has been
marked technical progress in regard to reversible pump -turbine in Japan and the U.S, A, with

applicable heads having been increased to around 500 m,

Since pumped-storage stations pump up water and generate power purchasing the
midnight surplus power of new thermal power stations, the unit cost of the energy produced
will vary greatly depending on the unit price of the energy purchased, the overall efficiency of

pumped -storage power generation and the annual generating hours,

The measure of construction cost of pumped -storage power generation is considered to

be around $130 — 110 per kW,

From the above considerations, 1t could be judged that pumped -storage power gener-
ation will be the most superior method of supplying peak demand in the furure power system

of Thailand,

Recently, there has been 4 worldwide trend for the price of petroleum to be increased,
'The rise in petroleum prices will naturally raise the generating costs of thermal power
stations, which in turn will irnpair the economics of pumped -storage power generation, How-
ever, if the sharp rises in fuel costs of fossil-~fuel thermal power stations continue over a
long period of time, relatively, the transfer to nuclear power generation will be spurred on.
The fuel cost of nuclear power generation is estimated to be approximately one-half of fossil-
fuel thermal, and in the event of a switch to nuclear power, pumped-storage power generation

will become of even greater advantage and economy.

According to the load forecast of Chapter 4-1, it is estimated that the maximum load
will be 3,000 MW in 1980. If it iz assumed there will be no great change in the form of the
load curve from the present, there should be approximately 600 MW of peak supply capacity

necessary for the economical operation of the power system. Further, in 1985, there should



be a requirement to expand this capacity tq 1,000 MW,

As for the capacity exclusively for peak supply, there will be the No, 7 and No. 8 Units,
140 MW, of Bhumibol Power Station, the No, 4 Unit, 125 MW, of Sirikit Power Station and the
Second Stage, 360 MW, of Quae Yai No. 1 Power Station for a total of 625 MW, Since these
could all be completed at the cost only of additional equipment or power stations, it is con-
sedered these will naturally be developed with priority over other peak supply capacities,
Therefore, such peak supply capacities including pumped storage such as the Khlong Tha Dan

Project will be in operation later on, namely from 1980 or after.

4.4 Power Development Scheme and KW Balance

The peak demand was determined assuming annual load factor from the required
energy production calculated in Chapter 4-1. It was assumed from the past performances that
annual load factors would be 57.1% in 1975, 59.6% in 1980 and 62.5% in 1990, The supply capa-
city required by the power system was assumed to possess a reserve capacity of 10% added
to peak demand in order to cope with errors in load forecast, drought and faults (see Tables
A-1-1, 2 of Appendix A-1). In order to supply such energy and peak kW required, 1t is
necessary for development schemes to be established and development made successively
based on such plans. In general, development of power sources, particularly hydroelectric
power sources, require long periods of time from several years to about 10 years, and
therefore, the projects to be added to the power system by the latter part of the 1970s have
already to take shape considerably, with work on some projects already started. In other
words, power development schemes up to about 1976-1978 cannot but be developed according to
established policy, and in the present Report the balance of demand and supply was examined

based on the power development schemes of EGAT and NEA.
A temtative power development scheme 1s indicated in Table A-1-3 of appendix A-1.

The major projects to be added to the power system by 1978 would be in the case of
hydro, Sirikit No. 1, No. 2 and No, 3 (375 MW),Quae Yai No. 1 (No. 1, No. 2, No. 3 — 360 MW), Sai
Yai (70 MW), and in the case of thermal, No. 2 Unit, 200 MW, and No. 3 and No. 4 Units, each
300 MW, of South Bangkok, while the first nuclear power station in Thailand, a 500-MW unit,
is scheduled for start-up in 1978. In the event that for various reasons the nuclear power
station will be delayed beyond this time, it is planned, instead, to 1nstall a thermal umt of

the same capacity so that no change will occur in the power development scheme,



Demand and Supply Balance

The electric energy supplied for the energy requirement was calculated based on
firm energy in the case of hydroelectric power stations, and 80-70% annual load factor in
the case of thermal power stations. Regarding supply capacity, the dependable peak capacity

was used for hydro and installed capacity for thermal.

The results of kW and kWh balance are as shown in Tables A-1-1, 2 of appendix A-1
indicating that up to 1978 the balance of demand and supply can be maintained through the
present power development scheme. Therefore, it is estimated that the time for addition of
new power sources including the Khlong Tha Dan Project will be around the year 1980, On the

one hand, if based on the forecast of the Jones Report, this would be in 1976.

Further, in order to study the role to be played by hydroelectric power stations
within the system and the necessity for peak supply capacity, the kW balances diagrams were

prepared based on daily load curves for the years of 1978 and 1980 (See Fig. 4-4, 4-5).

In 1978, 500 MW of nuclear power would already be added and operated to carry base
load, but the midnight surplus of thermal power would be 180 MW x 5 hours which would be

inadequate as resources for pumped-storage power generation of about 400 MW,

By 1980, the load would have been increased and the midnight surplus of thermal
power would become fairly large, Therefore, the midnight surplus of thermal power would be
about 440 MW x 5 houxs. It is thus seen that power for large-capacity pumped storage can he

secured from 1980 and later,

From the above, it may be said the time for development of the Khlong Tha Dan

Project will be in the latter half of the 1970s,

Further, conventional hydroelectric power generation of superior economics will
also have the merits of effective utilization of natural resources, expediting of regional de-
velopment, saving of foreign currency to be paid otherwise for fuel, and therefore, 1t is

considered this should be developed in advance of thermal power.

4-10
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CHAPTER 5. HYDROLOGY AND GEOLOGY

5.1 Hydrology

The site planned for the Khlong Pun Dam 15 immediately upstream of Heo Narok Water
Falls in the Khlong Tha Dan River and has a catchment area of 152.7 sq.km, The catchment be-
longs to a heavy rainfall area in Thailand with the annual amount being as much as 2,800 mm
to 4,000 mm. The greater part of this rainfall is produced in the rainy season, which 1s
hydrologically the six-month period from May through October and is concentrated especially

in the months of July, August and September.

In contrast, during the dry season (cool season and hot season) comprised of the other
6 months, there is almost no rainfall. Because of this, there 15 extreme difference in the river
discharge between rainy season and dry season with the discharge being large in the rainy
season, while 1n the 6-month dry season from November through April the discharge 1s very

small.

The catchinent area, the locations of water gaging stations and meteorological obser-

vation stations in the surrovnding area, are as shown n Fig. 3-1,

Also, the periods, for which records of runoff and precipitation at these stations exist,

are as shown in Tables 5-1 and 5-2,

Although Nakhon Nayok Observation Station 15 outside of the catchment area of the
Khlong Tha Dan Project, there are records of daily precipitation over a period of 19 years
and 1t is possible to use these data 1n estimating calculations necessary for studying the

power development scheme.

Within the catchment area, there is only the one gaging station of Ban Khlong Si Sook,

The runoff records are for the 4-year 9-month period from May 1965 to December 1969.

The runoff at the proposed damsite, by using the correlation between the abovemen -
tioned runoff records of gaging stations and precipitation records of precipitation observa-
tion stations, can be determined with a fair degree of reliability for planming of the hydro-

electric power development.

The meteorological data regarding evaporation are also used for determination of

the evaporauon from the reservoir surface.

The drainage area of the Khlong Tha Dan Project was determined based on a 1/50,000

scale map 1ssued by the Department of Royal Thai Survey. According 1o this, the catchment is
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152,7 sq.km at the proposed Khlong Pun damsite and 169.1 sq.km at the proposed Khlong Tha
Dan damsite. Should the runoff of the two adjacent rivers Huai Nang Rong and Huai Som Phung
Yai be introduced to the Khlong Pun site, the comined drainage area of the two rivers would be

140,1 sq,km (see Fig, 5-1).

The annual precipitations 1n the project area for the 19 years from 1952 through 1970

are indicated in Fig, 5-2.

According to this, it 15 seen that there is a considerable variation in precipitation by
year, winch, expressed in another way, means there will be a large variation in runoff depending

for the study of power.

Therefore, in order to effectively use the river water, it is necessary to carry over the
water of wet years to dry years. For this purpose, a fairly large reservoir would be necessary

for this Project,

The variation in precipitation by month is shown in Fig. 5-3.

The correlation between cumulative runoff at Ban Khlong Si Sook and the cumulative
precipitation at Nakhon Nayok for the period from 1966 through 1969 is indicated in Fig. 5-4.
This period corresponds to the period in which observation records are available at the obser-

vation stations of both Ban Khlong Si Sook and Nakhon Nayok.

Based on this correlation between precipitation and runoff, the runoff at Ban Klilong Si
Sook during the period from 1952 through 1970 was estimated through calculations, The rela-
tionship between the estimated runoff and the runoff measured at Ban Khlong Si Sook is indicated

in Fig. 5-5.

On checking the results 1t is indicated that the runoff calculated from the correlation
between precipitation and runoff and the runoff observed at Ban Khiong Si Sook are slightly
close to each other. With this degree of approximation it is thought permissible to use the
runoff calculated from the correlation between precipitation and runoff for the study of power
development scheme, Therefore, it was decided to use the runoffs calculated from the correla-
tions between precipitation and runoff from January 1952 through April 1965 and from January
through December 1970, Also, for May 1965 through December 1969, it was decided to use the

runoff measured at Ban Khlong 5i Sook. These runoffs are given in Table 5-4,

The runoff at the proposed Khlong Pun damsite can be determined from 1961 to 1970 by

using the ratic of drainage area of Ban Khlong Si Sook and the proposed damsite indicated in
Table 5-5.
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Fig 5-4 Correlation between Runoff and Precipitation
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Table 5-4 Runoff at Ban Khlong Si Sook Gaging Station
(Unit : Cu.m/sec)
Year Jan. Feh, Mar. Apr. May June  July Aug. Sept. Oct. Nov, Dec. hean
1965 - - - 295 16.2 39.2 20.0 47.5 5.2 8.72 3.08 0.60 -
1966 0.17 0.10 0.07 0.04 5.72 10.2 36.6 49.6 27.3 7.70 1.78 0.51 4. 14
1967 0.12 0.05 0.00 0.08 2.42 8.79 314 42,9 210 E0_60 L.38 0.32 992
1968 0.08 0.11 0.05 0.13 3.58 6,89 272 297 25,7 8.31 1.03 0.20 8.58
1969 0.06 0.02 0.01 0.00 0.11 18,59 76.8 30.62  38.36 9.62 3.41 0.78 14.86
Tatal 0,43 0,28 0.13 3.20 28,03 93.67 212.0 200,32 137.56 44.95 10,63 2,41 733.66
Mean 0.11 0.07 003 0.64 5 61 18.73 42,4 40.06 27.51 8.99 2,14 0.48 12 87
Table 5-5 Runoff at Khlong Pun Damsite
{Unit : Cu,m/s-day)
Year Jan. Feb. Mar. Apr, May June  July Aug. Sept. Oct, Nov. Dec. Total
1961 2.65 6.39 14,35  28.60 1,094.85 §65.95 1,098.61 1,956.36 1,386.67 £39.30 9286 1L75 7,398.34
1952 2.65 3.55 0.89  33.71 865.53 1,192.72 1,431,75 L,079.56 1,305.57 600.77 42 90 9.97  5,589.37
1963 2.65 6,62 9.04 1146 367.38 393.12 1,244.94 1,568.12 1,257.79 626.15 125,19  13.73  5,826.19
1964 2.65 2.44 .61 10,04 654.02 450.76 1,028.22 1,016.90 880,26 674.93 +0.51 9.97  4,772,31
1965 2,63 4,96 2,80  70.27 455.91 1,157.17 1,093.38 1,753.91 1,083.11 411.09 112,42 24,42 6,172,09
1966 6.79 3.66 2.47 2.25 202.59 712,46 1,977.04 1,802.84 1,131.66 386.30 81,89 22,40 6,332.35
1947 5.62 2,54 [LAe] ) 319 122,82 445,55 686.02 1,642,50 983.28 456.61 7256  17.76  4,439.26
1968 4.50 4,08 2.01 4,49 150.75 401.45 1,268.71 1,323,61 1,093.55 40124 64,06 14,93  4,733.38
1969 4.21 1.90 125 L40  67.12 674,84 2,467.05 1,345.22 1,389.61 432,95 119,98 28,75 6,534 2§
1970 2 65 5.94 3.06 B.41 435.08 616.12 917.58 949.29 770.82 285,90 43.09 1334 4,061.28
Towml 37.90 42,08 38.39 173.82 4,426.05 7,110 14 13,23330 1443831 11,28232 5,115,14 79546 167.02 56,859.05
Mean 3.70 4,21 3.84 17.38 442,61 711,01 1,323 33 1,443.83 1,128.23 511,51 79.55 16,70 5,685 91
Table 5-6 Runoff at Khlong Tha Dan Damsite 1 Residual Basin
(Unit : Cu.m/s-day}
Year Jan. Fch. Mar. Apr. May June July Aug.  Sept Oct. Nov Dec. Tatal
1961 372,00 336,52 37345 242,92 606.67 547.20 1,099 73 1,633.06 1,300.60 564 61 485.64 372,19  7,934.59
1962 372,00 336.22 263 85 243.47 582.04 582,30 1,578.31 1,058.82 823.17 538,99  480.28 372.00 7,231.45
1963 372,00 323.28 248,88 241.08 280.55 27790 564.10 1,512.83 770.26 54172 489.11 372,40  5,994,11
1964 372,00 348.10 248,08 240.93 311,33 456.27 540.82 706.82 521.59 346.96  480.02 372.00 5,144,92
1965 372.00 225,16 248.20 247.40 290.05 378,48 780.28 L,611.31 762,47 318.62 487.74 373.55 6,495 26
1966 372.45 22423 248.17 240.09 262,85 290.72 1,230.99 1,616.57 865.05 515.96 45460 373.33  6,695,01
1967 372,32 224,11 248.00 240.19 254,28 262.06 256.07 846.94 532.65 523.50 445.24 372,84 4,581,20
1968 372,20 23237 248.12 240,34 257.28 257,32 566.65 801,43 588.38 517.56 44977 372.53  4,903.85
1969 372,17 22404 248.04 240.00 219,49 286 68 1,589.83 1,344.84 916,24 52097  488.56 374.02  6,82.4,90
1970 372.00 25153 248.23 240,76 288.89 35123 528.94 332,90 509.83 S505.18 360,30 372,36  4,562.15
Total 3,721.14 2,725.46 2,623.02 2,417.18 3,353.43 3,890.16 8,735.74 11,66552 7,590.24 5,294,07 4,624.26 3,727.22 60,367.44
Mean 372.11 272,55 262.30 241,72 335,34 389,02 873.57 1,166,55 759.02 529,41 462.43 372,72 6,036 74




The runoff at the Khlong Tha Dan Dam in the residual dranage area, after deduction of
the drainage area of the Khlong Pun Dam from that of the Khlong Tha Dan Dam, can be deter-

mined similarly by considering drainage area ratio. This runoff is tabulized in Table 5-6.

Further, the inflows into the Khlong Pun Reservoir from the Huai Som Thung Yai and
Huai Nang Rong Rivers were determined by the method descibed below. Monthly duration
curves were prepared for the runoffs observed at Ban Khlong Si Scok from May 1965 to Decem -
ber 1969, and from the average duration of each month for the 4-year 9-month period the
monthly average duration of each intake site was assumed from the ratio of drainage area. The

inflow in each month was determined based on these duration curves,
These monthly inflows are indicated in Table 5-7.

Table 5-7 Monthly Inflow from the Huai Nang Rong River and the Huai Som

Thung Yai River into the Khlong Pun Reservoir

Jan. Feb. Mar. Apr. May Jun. Jul, Aug. Sept. Oct, Nov. Dec.

2.65 1.53 0,89 137 64.33 240.18 610.84 605.67 493.02 200.44 40.32 9.97

The annual evaporations (evaporation from A pan) observed at Ban Khlong Si Sook from

1966 to 1970 are as indicated below.

1966 1,827 mm
1967 1,737
1968 1,740
1969 1,571
1970 1,969
Average 1,669 mm

The annual precipitations observed at Ban Khlong $i Sook from 1966 to 1970 are as in-

dicated below.

1966 4,021 mm
1967 2,865
1968 2,866
1969 3,250
1970 2,963
Average 3,193 mm



The annual runoffs observed at Ban Khlong Si Sock from 1966 to 1969 are as indicated

below,
1966 5,212 cu.m/sec
1967 2,783
1968 3,160
1969 5,472
Average 4,155 cu.m/sec

Therefore, the runoff coefficient of the Khlong Tha Dan River is approximately 0.55

and the evapotranspiration is approximately 45% of precipitation.

‘The net evaporation-precipitation correction factor is approximately estimated as follows:

(Net Correction) = (Evapotranspiration) - (Evaporation from reserveir
furface)

(Precipitation) x (1 - 0,53) - 1,669

3,193 x 0.45 - 1,669

~ 230 (mm)

] ]

A

The total loss from the reservoir, including evaporation loss, was therefore adopted at

600 mm annually.

Since the runoff records in the project area are available for only 4 years, 1t is im~
possible to estimate maximum probale flood by statistical methods based on runoff records.
Therefore, the flood discharge of Khlong Pun Dam was estimated roughly 1,200 cu.m/sec, and
that of Khlong Tha Dan Dam 1,380 cu.m/sec by the Rational Formula.

As there are no data available in connection with sedimentation in the project area, the
amount of sedimentation to be expected in the reservoirs of this Project was estimated con-

servatively based on sedimentation records obtained at reservoirs in Japan.

The volume of sedimentation at 52 reservoirs of drainage areas larger than 60 sg.km
and storage capacities more than 1,000,000 cu.m are plotted in Fig, 5-6 with a correlation to
geological, topographical conditions and rainfall in the basins, The geological conditions

within a basin are classified into three groups according to lithologic character. Namely,

A :  Basins mainly comprised of sedimentary rocks of the Paleozoic or

Mesozoic eras.
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B : Basins mainly comprised of acidic plutonic rocks, hypabyssal rocks or

metamophic rocks represented by crystalline schist, .

C : Basins mainly comprised of sedimentary rocks or volecanic rocks of

the Cenozoic era.

The volume of sedimentation in each group is plotted in Fig. 5-6 as a function of the
product of maximum annual precipitation and the relative relief of topography. Eroded frag-
mentary rocks in the basin are considered to be transported into the reservoir at time of rainfall,
The relative relief is defined as the mean value of the difference in height between the highest

point and the lowest point 1n a square grid of 16 sq.km.

These square grids are provided dividing up the entire basin and the mean value of

their relative reliefs is taken.

For the catchment area of the proposed damsite, the conditions govexrning sedi-

mentation are as follows:

Geological condition: Group A
Maximum annual precipitation: approx. 4,000 mm
Relative relief: approx. 470 m

(Maximum annual precipitation) x (Relative relief) = 18.8 x 10° m-mm

Therefore, taking the upper limit value of Group A in Fig. 5-6, the annual sedimen-

ration was calculated to be 2,000 cu.m per square kilometer.
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5.2 Geology

A. General

The rocks distributed in the project area are volcanic complex consisting of rhyolite,
andesite, agglomerate, etc, and are covered on top by sandstone of the Mesozoic era, The bounda-
ry between the volcanic complex and the sandstone just passes the proposed Khlong Pun Dam site,
and extends in a roughly north-south direction. This boundary, accoxding to a geological map
issued by the Department of Mineral Resources of Thailand, is what is called an unconformity
which is a basal plane of sand deposited and sohdified on a volcanic complex at the seabottom.
For this reason, this boundary may be slightly soft and weak, but it is thought that, even if it

were to be at the dam foundation, it can adequately be treated.

Each rock comprising the volcanic complex, which is fresh, has few fissures and is

extremely sound.

In this area, as described in Chapter 6-1, there is a flat plane at EL. 400 - 500 m,
where weathering is thought to be considerably deep. However, this is not necessarily a
disadvantageous condition in construction of civil structures such as dams and power stations,

and rather, it is possible to take advantage of this situation.

Limestone presents a unique feature called karst topography which can be observed
readily from aircraft. However, since no limestone was found with such features as far as seen
from aircraft, it is inconceivable that there would be leakage from the reservoir through
caves in limestone. On the other hand, volcanic rocks cover a wide area., The geolog-
ical age of this volcanic complex is pre-triassic and is older than the sandstone of the Meso-
zoic era lying. As the sandstone of the Mesozoic era is marine deposit, it would have to be
deposited on top of volcanic complex at the seabottom. If there had been caves in the volcanic
complex at the time this deposition was taking place, these caves would have been filled by the
deposited materials. Therefore, with respect to the volcanic rocks distributed in the project

area, there is no fear that large-scale leakage of water from the reservoir would occur,

At roughly horizontal parts of the various rivers and streams flowing through the flat
area of EL. 400 - 500 m mentioned previously, there were stagnant pools of water at many y
places from which no discharge was taking place, If the bedrock were absorbent such pools
not have existed, Further, the fact, that pools existed in the dry season when the rate of
evaporation is rather high, indicates that the ground water tables around the pools were higher
than the water level of the pools and the underground water was being supplied to the pools.

From this fact it is surmised also that the bedrock is watertight,
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However, in the area surrounding Khlong Pun Reservoir, there are one or mwo places of
low elevation near the boundary of the basin, and since these parts are expected to be deeply

weathered, care should be exercised in regard to leakage from the reservoir.

B. Geology of Foundation for Structure
Khlong Pun Dam

There is a bedrock of rhyolite at the river bed. The rock forming Heo Narok Waterfall

immediately downstream of the damsite is also rhyolite, and is compact and extremely sound.

Mesozoic sandstone lies on top of this rhyolite. The sandstone is light brown to white in
color, coarse-grained, and is slightly soft in comparison with the rhyolite, but as a foundation

for a dam, if fresh, it is of adequate hardness regardless of the type of the dam,

It is expected the hilltops at both left and right banks will be found to be deeply
weathered, but the weathered layers of both slopes of the Khlong Tha Dan River will be thin,
The boundary between the abovementioned rhyolite and sandstone is probably not tight, and it

is expected this portion will have clay material and be conglomeratic and slightly soft.

No fault could be found because the area is widely covered with topsoil and river de-

posits, but, as this area is stable land, there should be no large-scale faults,

Khlong Pun Power Station and Penstock

The topography around the proposed site for Khlong Pun Power Station and the penstock
is fairly rugged, The bedrock is rhyolite which is extremely sound, and as it appears that de-
posits of talus are thin there are no problems to be foreseen so far as the present reconnais-

sance is concerned.

Khlong Pun Headrace Tunnel

The bedrock 1s rhyolite and extremely sound. There are no problems for the construc-
tion to be found at the moment, However, the topography at the intake site is gently sloped and
it is expected that weathering will be deep and it is desirable for attention to be paid to this

point.
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Intake Tunnel from Khan Basin

The bedrack is a volcanic complex consisting of extremely sound chyolite, andesite,
agglomerate and infrequently basalt over almost the entire length, although there may be Meso-
zoic sandstone on the top of volcanic complex 1n the section near the tumnel outlet, The bound-
ary between the two would be inclined down toward the tunnel outlet at a small angle, which
would be somewhat of a problem in excavation of the tunnel. The vicinity of the tunnel outlet as
same as in the case of the intake of the headrace tunnel is of a gently sloped topography, and

weathering is expected to be deep so that caution must be exercised in this regard.

Khlong Tha Dan Dam

The slopes of the left and right banks are symmetrical to present a favorable topogra-
phy for a damsite while the river bed is more or less flat. The bedrock is andesite which when
fresh is extremely sound. As both banks are covered by dense jungle growth, it is not clearly
known but the weathered stratum may be deep. The river bed is covered with sand and gravel,
but the thickness is small while weathering of the bedrock cannot be thought to be very deep
judging from the conditions in other areas. The almost entire damsite area is covered with
talus or sand-gravel and nothing is known about faults, which must await clarification through

future investigations.

Khlong Tha Dan Power Station and Penstock

The bedrock is agglomerate and extremely hard., The deposits of sand-gravel at the
river bed of the Khlong Tha Dan River are very shallow and there are wide areas in which the
bedrock is exposed. However, the powerhouse site is widely covered by dense jungle so that

details are not known, but it is expected there will be some river terrace deposits and talus,

The bedrock along the penstock route is also agglomerate or rhyolite with weathered

surface layer which may be slightly deep.

Khlong Tha Dan Headrace Tunnel

The bedrock is a volcanic complex of agglomerate, rhyolite and andesite, and these
rocks are extremely hard. Problems such as faults are not known at present, but judging from

the lithologic character it apperas there will be nothing serious.



Sam Sip Reservoir

It is thought the bedrock of the reservoir will be chiefly rhyolite, but there may be a

possibility of Mesozoic sandstone being present in a continuation from the Khlong Pun damsite.

As the surface of the proposed reservoir area is thought to be deeply weathered, it is
surmised that excavation within the reservoir to increase storage capacity could be carried out
comparatively easily, but if the depth of excavation is to reach down into bedrock, blasting-
excavation will be required, since the bedrock is extremely hard. As the bedrock of the reser-
voir consists of such hard rock, leakage through the hedrock is unthinkable. However, if there
should happen to be Mesozoic sandstone, it is expected that the boundary between this rock and
the rhyolite will be slightly weak, but even if there should be such a weak boundary, the leakage

through it will hardly be a problem.

Sam Sip Dams

As for the type of dam, it is conceivable for a fill type to be constructed using the exca-
vated material for the increment of the capacity of reservoir, Bedises a main dam, it is thought
two dikes will be necessary for reasons of topography. At these sites, weathering of the surface
stratum would be deep while the topography is gently sloped, and there are no outcrops of bedrock
to be seen. It is assumed that the bedrock probably consists of rhyolite, but there may be Meso-

zoic sandstone at the foundations of the dikes.

Sam Sip Power Station and Penstock

The topography in the vicinity of the powerhouse site is slightly gently sloped, but near
the surge tank the rock is exceedingly rugged. There is no talus deposit at this rugged part,
but at the shghtly gently sloped part the talus deposit is thick with scattering of large boulders.
The bedrock is mainly andesite but rhyolite may be partially present. Since both the andesite
and rhyolite are very sound, there should be no big problem in excavation for an embedded

penstock or underground power house,

Sam Sip Headrace Tunnel

The bedrock is a volcanic complex of rhyolite and andesite, and these are very hard.
Problems such as faults are not clearly known at present, but judging from the lithologic

characters it appears there will be no serious problem.
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CHAPTER 6. PLAN OF DEVELOPMENT

6.1 Introduction

In regard to a power development scheme for the Khlong Tha-Dan Project there 1s a
reconnaissance report* made by a Japanese Government survey team (Chief, Mr. Takeslu
Tokuno). The main point of Mr, Tokuno's report 1s to construct a dam at the upstream of a
waterfall called the Heo Narok which has a head of approximately 250 m and to provide a power
station below the waterfall. The second point is to divert the water of the Huai Nang Pong
River and the Huai Sam Phung Yai Rivers, adjacent to the Khlong Tha Dan River, to the Khiong
Tha Dan River basin through intake-tunnels., The third point 18 that since the project site 1s
close to Bangkok, and moreover, has potennal energy of high head, an idea of pumping-up

power station could be contemplated.

Since the main objective of the Tokuno Team was the study on the Nam Sai Yai Basin
adjacent to the Khlong Tha Dan River Basin, the data obtamned for the report was no more than

that from field inspection and topographical maps of 1/30,000-scale.

However, as a result of the present mvestigations, 1t was convinced that the Tokuno

Report, in spite of being based on sufficient data, had obtained a grasp of the essential points.

In May 1970, Mr. Minoru Kubota, a planning expert, sent to NEA from OTCA of Japan,
upon studying the Tokuno Report on topographical maps, suggested a possibility to install a

recirculating pumping -up station.

Compared to the above, sufficient data (1/10,000-scale topographical maps, etc.) have

been obtained in the present survey.

Physical Geography

In view of the actual observation over the project area from arrcraft, 1t was found that
the area was comprised of 4 steps of horizontal flat plains. The first and lowest step 1s a vast
plain, namely the Bangkok Plain. The second plain 1s at an elevation of 400 to 500 m, over
which precipitation has eroded the plam to form the gorge through which the Khlong

Tha Dan River flows. In this Project, construction of the Kilong Pun Dam is planned upstream

* Appendix of Report on Basic Studies for Development of Hydraulic Potentials of the Nam
Sai Yai, "Report on Reconnaissance of Khlong Tha Dan Basin, "June 1965, Overseas
Technical Cooperation Agency, Government of Japan.



of the Khlong Tha Dan Dam site and the Khlong Pun Reservoir will be created on this second
plain area (see Fig. 5-8). The third plain is at an elevation of approximately 700 m and is
located at the southeast.ern part of the project area. The fourth plain area is at a level of
approximately 1,200 m and occupies the northern part of the project area. Mt. Khao Khieo is

located in this plain area.

At the immediately downstream of the Khlong Pun Dam site, a wall of voleanic rock is
massively exposed in a vertical direction and within a head of approximately 250 m a three-

stages waterfall is formed. This magnificent waterfall is named the Heo Narok.

The waterfalls of the Huai Nang Pong River and of the Huai Sarika River also flow over

exposed volcanic rocks.

The project area on the whole is a dense evergreen forest and is covered by green
vegetation except some portions such as rivers, waterfalls, vertical cliffs and exposed bedrock

on plains,

A major item of the developmént is to construct the Khlong Pun Dam at the immediately
upstream of the Heo Narok Waterfall to create the Khlong Pun Reservoir and to generate power

at a powerhouse which will be provided at the downstream of the waterfall,

The Khlong Pun Reservoir, topographically speaking, will be formed on the second-
stage plain at elevations of approximately 400 to 500 m so that the reservoir area will be com -

ratively large. The catchiment area of the reservoir 1s approximately 153 sq.km.

The Khlong Tha Dan Reservoir will be formed in steep gorge and the reservoir area

will be relatively small. The catchment area of the reservoir is approximately 16 sq.km.

Since the Khlong Tha Dan River flows through a massive volcanic rock area, there 1s
almost no sedimentation to be seen. The water is extremely clear and the three reservoirs

should become clear, scenic artificial lakes.

The Huai Nang Rong River and the Huai Sam Phung Yai River are located at the north-
west of the Khlong Tha Dan River. The upstream parts of these rivers are on the second step
plain area. The combined drainage area {called here the Khan Basin) is 170 sq.km which is
equal to or larger than the drainage area of the Khlong Pun Dam. If intake of water were to be
carried out from these two rivers to the Khlong Tha Dan Reservoir or the Khlong Pun Reser-

voir, the inflow into either resexvoir would be more than doubled,

These two rivers also flow through a massive volcanic rock area and the waters are

extremely clear,



In generai, when there are steep mountains along rivers with the tops of the mountains
being relatively flat, there are cases when recirculating-type pumped-storage hydroelectric
power development projects are planned, by building a reservoir at the river below (lower
reservoir) and another reservoir on the flat area above {upper reservoir). This project area,
according to the topography, has flat land at places of high elevation and it would be possible
that a site for a recirculating-type pumped-storage is available. The Sam Sip site at the foot-
hills of Mt, Khao Khieo is a location which has such a possibility as seen from the physical

geography.

6.2 Study of Plan of Development

When the various features of the Project are combined, numerous alternative plans can
be conceived. The three alternatives introduced below are the results of careful selection

after comparison of the many plans conceivable,

In carrying out the selection, economic analysis were made the basis. The construc-
tion costs which would have great weight in evaluation of the economics were obtained by cal-
culating rough estimated figures of work quantities from preliminary layouts drawn in
1/10,000-scale topographical maps, and multiplying these quantities by recent unit construe-

tion costs 1n Thailand.

Study of Plan of Development

In planning the development of the Khlong Tha Dan Basin, two cases can be conceived;
to develop its own river basin in a conventional way to satisfy the future peak power demand of
Bangkok, or to develop the project as the pumped storage, since the site is relatively close to
the capital area and provides conditions to be able to utilize easily surplus energy of large-
scale thermal and nuclear power plants around Bangkok at midnight. In the development of
pumped-storage power generation, there are two forms —. a "recirculating-type pumped-
storage power station” which does not need any water supply from its own drainage area and a
"multi-use pumped-storage power station” which water is to be supplied by its own drainage

area and therefore is capable of producing electric energy by the inflow.

Therefore, in the study of the development planning for the Khiong Tha Dan River, an
examination was first made for the conventional development plans, of which the most economi-
cal one was selected, Then, alternative plans of development as pumped -storage type were

studied modifying the conventional plan of development selected.



(a) Plan of Development of Conventional Type

As for the conventional development planning, the three cases below are

conceivable.
Plan A

The Khlong Pun Dam would be built at immediately upstream of the Heo
Narok Waterfall on the upper reaches of the Khlong Tha Dan River from which
a headrace tunnel of approximately 2 km long would lead to a powerhouse pro-
vided on the right bank side downstream of the Heo Narok Waterfall to utilize

the head of approximately 300 m for peak power generation.

Plan B

In addition to the project facilities of Plan A, the Khlong Tha Dan Dam
would be built to provide Khlong Tha Dan Regulating Pond in the downstream of
the river, This Khlong Tha Dan Regulating Pond would take in water from the
two adjacent rivers, the Huai Nang Rong River and the Huai Sam Phung Yai
River, through a relatively shoxt diversion tunnel. Water of this regulating pond
would be conveyed by a headrace tunnel approximately 2 km long to the Khlong

Tha Dan Power Station to utilize a head of approximately 50 m.

Plan C

In addition to the facilities of Plan A, there would be provided an intake
tunnel from the adjacent rivers, the Huai Nang Rong River and the Huai Sam
Phung Yai River, to the Khlong Pun Reservoir. The intake tunnel would he
longer than in Plan B and would be as long as 14,5 km, but the water thus drawn
could be utilized at the high-head Khlong Pun Power Station, Features of these
development plans are indicated in the Table 6-1. As a result of the studies,
Plan A and Plan C are found to be economically superior to Plan B, having
benefit-cost ratios of 1.12. However, when the annual surplus benefits (B-C)
of Plan A and Plan C are compared, it is B4.7 x 106 for Flan A while it is
B7.7 x 106 fo'r Plan C, so that Plan C is of greater advantage, This is because
of the fact that the large amount of energy may be produced at the Khlong Pun
Power Station with the increased water taken from the two adjacent rivers, and
therefore the development plan became economical and advantageous, even
though the expenditure for constructing an intake tunnel slightly increases the

total construction cost,



Table 6-1 Comparison of Plan of Development of Conventional Type
Plan
M A B c
Layout
Power Station Khlong Pun P,S Khlong Pun Khlong Tha Khlong Pun P.S
Total
P.S Dan P.5
Reservoir
Catchment Area km? 152,7 152.7 369.9 292.8
. (169.1+170.8)
Annual Tnflow 10°m3 295.0 295.0 568.2 491.3
Nor. High Water Level m 416.0 416.0 110.0 416.0
Effective Drawdown m 11.0 11.0 10.0 11.0
Effective Storage Capacity  10%m3 229.0 229,0 7.0 229,0
Dam
Type Concrete Concrete Concrete Concrete
Height x Crest Length m 5 62 x 590 62 x 590 56 x 290 62 x 590
Volume 10°m3 234 234 167 234
Water Way
Headrace Tumnel km 2.0 ({D=4.0) 2.0 (D=4.0) 2.1 ({D=5.7) 2.0 {D=5.0)
Tunnel from km - - 7.0 (3.0-4.0) 14.5 (2.9-3.7)
Adjacent Rivers
Power Plant
Effective Head m 2930 295.0 50.0 295.0
Max. Power Discharge m3/3 30.0 30.0 60,0 48.0
Installed Capacity MW 75.0 75.0 25.0 100.0 120.0
Amnual Energy Production  100kWh 201.6 201.6 64.9 266.5 332.1
Construction Cost 10%Baht 537.4 537.4 622.9 1,060.3 873.0
Benefit - Cost Ratio 1,12 0.75 - 1.12
Surplus Benefit 10%g 4.7 19.2 7.7
Salable Energy Cost B/kKWh 0.20 0.30 0.20
" Power Cost B/KW 7,387 10,931 7,500




(b) Plan of Development of Pumped-Storage Type

As a result of the study mentioned in the preceding section it was learned that
among the plan of development of conventional type Flan C would be most advanta-
geous,

Therefore, in planning pumped-storage type development, it would be economically
advantageous to modify the Plan C into a pumped-storage power station. In this case, it is
necessary for the project to provide a lower reservoir, the Khlong Than Dan, and two alterna-

tive plans of development are conceivable topographically, which will be explained as follows.

1) Plan R

In a recirculating-type pumped-storage development plan, it is conceivable to
add to Plan C of the preceding section a recirculating -type pumped-storage underground
power station, building an upper reservoir on a terrace of EL. 475 m at the right bank
of approximately 1 km downstream of the Khlong Pun Power Station, and utilizing the
Khlong Tha Dan reservoir as the lower reservoir. The Khlong Tha Dan Power Station

will be provided also at the downstream of the Khlong Tha Dan Dam.

2) Plan M

It is conceivable to use the high-head Khlong Pun Reservoir as an upper reser-
voir and the Khlong Tha Dan reservoir as a lower reservoir, developing the Khlong
Pun Power Station as an underground type, The Khiong Tha Dan Power Station will be
provided at the downstream of the Khlong Tha Dan Dam. This is a multi-use type

pumped-stwrage development,

The main features of these development plans are indicated in Table 6-2. According
to the results of analysis the benefit-cost ratios of Plan M and Plan R are 1.03 and 1.07 respec-

tively so that both alternatives would be promising.

The benefit-cost ratios of Plan ¢, Plan R and Plan M rounded out as L1, 1.0 and 1.1,

respectively, because of the degree of accuracy of this survey is quite rough.

All three can be said to be promising, but the superiority of any one of them cannot

yet be decided.



6.3

General Description of Schemes of Development
1) Introduction

In the studies of the development plans in the preceding paragraph, comparisons
were made of a development plan of conventional type, Plan C, and a2 pumped-storage type
development plans, Plan R and Plan M. The ratios of annual benefits and annual costs
of these development plans for an analysis period of 50 years are 1.1, 1.1 and L.0,
respectively, while the differences between annual benefits and annual costs {surplus

benefit) are B7.7 x 106, B17.4 x 10% and $7.9 x 10°, respecuvely.

It is difficult to say which of these proposed development plans is superior,
because of the differences in development scales and in development stages, and also
because of the fact that the economic superiority would be decided by the electric power
situation of Thailand comprised of factors such as the future growth in power demand,
load curves and peak supply capacity. It should also be noted the estimared construc-
tion costs can be significantly changed due to the results of the future geological surveys

and design of various structures based on more accurate topographical maps.

Here, the outlines of the conventional type development plan, Plan C, pumped-

storage type development plans, Plan R and Plan M, will be described.
2) Conventional Type Development Plan : Plan C

A concrete gravity dam of approximately 62 m high would be constructed imme-
diarely upstream of the Heo Narck Waterfall in the upstream of the Khlong Tha Dan
River by which the Khlong Pun Reservoir with effective storage capacity of 229 x 106
cu.m would be created. Water would be conducted from this reservoir by a pressure
tunnel of approximately 2 km long to a outdoor powerhouse, downstream of the Heo
Narok Waterfall and on the right bank, for peak power generation, with maximum out-

put of 120 MW, by utilizing the head of approximately 300 m.

Further, the catchment area of the Huar Nang Rong River and the Hual Sam
Phung Yai River, which are adjacent rivers of the Khlong Tha Dan River, is approxi-
mately equal to that of the Khlong Tha Dan River. It is found advantageous economi-
cally to conduct a maximum 25 cu.m/sec of water of these two rivers to the Khlong
Pun Reservoir to utilize it for power generation. Therefore, this plan calls for the

runoff of these rivers to be drawn to the Khlong Pun Reservoir.



3) Pumped-Storage Development Plan : Plan R

This is a plan 1n which the Sam Sip Power Station, a recirculating-type pumped-

storage power station 1s added to the conventional type of plan described in 2) above.

The Khlong Tha Dan Dam, 54 m high, would be constructed at a point approxi-
mately 2.5 km downstream of the Khlong Pun Power Station to provide the Khlong Tha
Dan Regulating Pond with an effective storage capacity of 7 x 106 cu.m. Another
dams would be built at around EL. 473 m on the right bank side at approximately 1 km
downstream from the Khlong Pun Power Station to provide the Sam Si1p Regulating Pond
with an effective capacity of 3 x 106 cu.m which is sufficient for generating peak

power for six hours.

The Sam Sip Pumped-Storage Power Station would utilize the Khlong Tha Dan
Regulating Pond as the lower reservoir and the Sam Sip Regulating Pond as the upper
reservoir, This will be a recirculating-type pumped-storage power station {(under-
ground), which will pump up water from the Khiong Tha Dan Regulating Pond to the Sam
Si1p Regulating Pond, using surplus power at midnight and discharging the water of the
Sam Sip Regulating Pond for peak power generation during the hours of peak loads.

The head between the two would be 360 m and the maximum output of the power station

would be 400 MW,

The Khlong Tha Dan Regulaung Pond, besides being enough to be able to operate
for pumping up storage, will also be enough to be able to regulate the discharge used
for peak power generation at the Khlong Pun Power Stabon. Downstream from this reg-
ulating pond, water would be conveyed through a headrace tunnel of approximately 2 km
long to the Khlong Tha Dan Power Station which will he provided on the right bank side.

The head of approximately 50 m, and the maximum output will be of 20 MW.
4) Pumped-Storage Development Plan : Plan M

This is a plan to uulize the Khleng Pun Power Station described 1n 2) above as

a pumped-storage power station of underground type.

In other words, the Khlong Pun Reservoir would be utilized as the upper reser-
voir and the Khlong Tha Dar Regulating Pond, described in 3) above would become the
lower reservoir. Surplus power at midmght would be used to pumip up water from the
Khlong Tha Dan Regulating Pond to the upper Khlong Pun Reservoir which combines
with the recirculated water with water from its own drainage area, and thus generate
power generation at peak load hours, The plan can be called as multi-use type pumped-

storage power development plan of 400 MW installed capacity.



In this case, the Sam Sip Pumped-5Storage Power Station mentioned in 2) was
not included in the plan, However, should peak loads in Thailand increase sharply in
the future and a shortage of supply capacity be brought about, 1t might be necessary to
consider the combined development plan of both the Sam Sip Pumped-Storage Power

Station of 2) and this Khlong Pun Multi-Use Pumped-Storage Power Station.

In the development plans of 2), 3) and 4) mentioned above, intake of water from
the two adjacent rivers, the Huai Nang Rong River and the Huai Som Phung Yai1 River,

into the Khlong Pun Reservoir 1s taken 1nto account,

However, as for the Huai Nang Rong River, it has, at its downstream part, the
Nang Rong Waterfall, where tourism is fairly well developed, flourishing as a recrea-
tion spot for the people. At the downstream of the intake site on the Huai Som Phung
Ya1 River, another adjacent river, there is also the Wong Ta Kai Royal Botanical Gar-
den, and there is an intake facility for this garden. Therefore, any intake of water from
the two rivers to the Khlong Pun Reservoir would require due consideration of such cir-

cumstances.
3) Capacity of Reservoir

The seasonal fluctuations and yearly fluctuations of the river at the Khlong Pun
Dam site are as shown in a mass cuxrve of Fig, 6-1. This mass curve has been pre-
pared based on the runoff data of the 19 years from 1952 through 1970 described in
Chapter 3, 5.1, Hydrology. The average total runoff at this site during the rainy season
of the 6 months from May through October in an average year is 480.5 x 100 cu.m,
while on the other hand, during the dry season of the 6 months from November through
April, the average toal runoff is only 10.53 x 10% cu.m. The total annual runoff of a
mean year is 491.3 x 109 cu.m whereas that of wet year (1961)is 639.2 x 106
cu.m and that of a dry year (1970} is 350.9 x 108 cu.m. In order to regulate this
fluctuating runoff and to utilize the water resources to the maximum, it is necessary to

plan a reservoir of large capacity capable of annual regulation.

On the other hand, in view of the topographical characteristics of the Khlong Pun
Damsite, it is thought to be difficult to raise the elevation of the high water level of the
Khlong Pun Reservoir above 416 m. Taking the high water surface level at 416 m, the
total storage capacity would be 319 x 106 cu.m. Assuming its appropriate drawdown

as 11.0 m, the effective storage capacity of the reservoir would be 229 x 100 cu.m,

(See Fig. 6-2).
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Table 6-2

Comparison of Selected Plan of Development

Plan C: Plan of De- R: Plan of Development of Pumped-Storage, M: Plan of Development of Pumped-
velopment of Con- Recirculating Type Storage, Multi-Use Type
Item ventional Type
Layout
Power Station Khilong Pun P.§ Khlong Pun Khlong Tha  Sub~Total Pumping Up Total Khlong Pun  Khlong Tha Total
P.S Dan P,S P.S P.S Dan P,S ota
Reservoir
Catchment Area kr%2 3 292.8 292.8 309.2 - 292.8 309.2
Anpual Inflow 107m 491.3 491.3 521.6 - 491.3 521.6
Nor. High Water Level m 416.0 416.0 110.0 475.0 416.0 110.0
Effective Drawdown " 11.0 11.0 10,0 10 11.0 10,0
Effectwve Storage Capacity  10%m3 229.0 229,0 7.0 3.0 229.0 7.0
Dam
Type Concrete Concrete Concrete | Rockfill Concrete Concrete
Height x Crest Length m, 62 x 590 62 x 590 56 x 290 35 x 320 62 x 590 56 x 290
Volume 10%m3 234 234 167 450 234 167
Water Way
Headrace Tunnel km 2.0 {D=5.0) 2.0 ({D=5.0) 2.0(D=5.0) 1.2 (D=3.5) 2,0 (D=6.3) 2.05(D=5.0)
Tunnel from km 14.5 (D=2.9-3.7) 14.5 (D=2.9-3.7) 14,5 (D=2,9-3.7)
Adjacent Rivers
Power Plant
Effective Head m 295.0 295.0 50,0 360 295.0 50.0
Max. Power Discharge m3 /s 48.0 48.0 48,0 134 160.0 48,0
Installed Capacity MW 120.0 120,0 20,0 140.0 400 540.0 400.0 20.0 420.0
Annual Energy Producticon 106kWh 332.1 332.1 59.5 391.6 391.6 332.1 59.5 39L.6
(600.0) (600.0} (600.0) {600.0)
Construction Cost 106Baht 873.0 873.0 366.0 1,239.0 895.0 2,134.0 1,404.0 373.0 1,777.0
Benefit-Cost Ratio L1z 0.93 L15 1.07 1.03
Surplus Benefit 105Baht 7.7 -6.7 24,1 17.4 7.9
Salable Energy Cost B/kKWh 0.20 0.24 0.28 0.26 0.24
Power Cost B/kW 7,500 9,124 2,307 4,074 4,362
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Fig 6-1  Mass Curve of Khlong Pun Reservoir
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Fig 6-2  Area Capacity Curves for the Khlong Pun Reservoir
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. 3
Fig 6-4 Tentative Operation Rule of the Khlong Pun Reservoir Symbols (Unit: m /Sec - month)

Va-1 : Storage at the end of previous month
Va : Storage at the end of current month
Va . 1 Vu : Standard upper limit of storage
Month —3 I — 1Month V. ¢ Standard middle limit of storage
m | 10°m m  [10°m m |10°m Vi : Standard lower limit of storage
Jan. | 416.0| 229 [413.8] 168 [408.7| 60 | Jan. Vm: :  Maximum storage
Feb. | 416.0| 229 [412.5| 136 [408.7 | 60 | Feb. Vmin i Minimum storage
Mar. | 416.0] 229 [411.1] 107 |408.7 | 60 | Mar. £ :  Overflow in current month
Apr. [416.0| 229 [409.4| 75 |[408.7 | 60 | Apr. gn  Inflow in current month
May | 416.0] 229 |408.7 60 1408.4 55 | May Qn : Discharge for power in current month
Jun. | 416.0] 229 |408.7| 60 [408.4| 55 [ Jun. Qe Maximum discharge for power
Jul. [412.2] 130 [408.7 60 |[408.4] 55 | Jul. Qu : Standard (upper) discharge for power
Aug. | 412.5| 136 |409.6 78 |408. 7 60 | Aug. OwM : Standard (middle) discharge for power
Sept. | 414.5] 184 [410.5| 94 |408.7 | 60 |Sept. Q. : Minimum discharge for power
Oct. |416.0( 229 |411.3| 111 |408.7] 60 | Oet. Ev : Evaporation loss in current month
Nov, | 416.0| 229 [412.7] 140 [408.7 60 { Nov.
Dec. | 416,0] 229 413.8| 168 [408.7 60 | Dec.

Constants (Unit: n? /Sec - month)

QOmax = 48.0

Nor HWL 416.00 Qo = 16.0
——,E:_/ Qu = 12.0
(o]} = 8.0

415 -
480m¥s

Basic Formula

/ Vimax Z Vo4 gn—Qn—EV === Vn=Voa_;+ #n — Qn — EV

/ Vn=Vn~1+§n—Qn—EV-fn
\ V"“‘**"_Q"—E‘>Vm”=°{fn.—_Vn_1+gn—Qn—Ev—vmax
160m¥s
Operation Rule
410 / l. Vn-y1+ #n0 > Vu

120m¥s (1) Vioy+ 50— Vin 2 Qma = Qn = Qmax
{2) Qmax > Van-1tgn—-Vn=Qu =——=b Qn =Vn-14 #n - Vn — EV
8) Qv >>Vn-1tgn—Vu ==bQn=—Q.,
2. Ve Voot 2n>>VyM > Qn =Qu
3 VMEZ Va-r ! s n>VL == Jn = QM

8,0m§'s 4, VLI Voot 4 #n
{1} Voei+ 20— Vo = Qu —bQn =QL
v//Mln LWL 405.00 (2) QL >Va+yn— Vmm =2 Qu=Vna1+4%n — Vmin—EV

405

Jan. |Feb. [Mar. Apr. [May [Jun.[Jul. | Aug. [Sept. | Oct. | Nov, | Dec.
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Monthly Inflow, Power Discharge and Reservoir Water Surface Level

Fig 6-5
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Regarding the high water level of the reservoir, since the investigation of the
damsite was made only by a light airplane and by a short reconnaissance on earth, it
cannot be taken as a sufficiently accurate marginal water level of the reservoir. The
definite and appropriate level of the high water would be decided after obtaining a clear
grasp of the topographical and geological conditions of the damsite and the surrounding
area, through accurate mapping, exploratory drillings and adits which will be made in
the future. Also, for a more distinct determination of the reservoixr Capacity, it is

desirable to get more and better hydrologic data.

As for the Khlong Tha Dan Regulaiing Pond, the storage capacity was calculated
tobe 7 x 109 cu.m for the purpose of holding the water for pumping-up for the
pumped-storage power station and for the regulation of the discharge used for peak
power generation at the Khlong Pun Power Station. In order to cbtain this capacity, the
high water surface level of the Khlong Tha Dan Regulating Pond would be at 110 m and

the available drawdown would be 10 m (See Fig 6-3).
6) Reservoir Operation and Energy Production

In ordex to study the runoff regulation by the Khlong Pun Reservoir, a reservoir
operation rule was tentatively established for the plan of development of conventional
type. The basic principle of operation rule is, firstly, that inflow in the rainy season
should be impounded for discharge in the dry season, secondly, that inflow 1n wet years
should be impounded for discharge in dry years, and thirdly, that runoff should be regu-
lated in the most effective manner to secure as large an amount of available discharge
as possible. The rule of operation established based on the principle 15 indicated in
Fig. 6-4. Power gencration, available discharge and energy production were calculated
assuming that the power station was efficiently operated for the past runoffs at the dam-
site based on the reservoir operation rules. In the future, when actual operation of the
reservoir is to be carried out, it would be necessary to make further studies in order to
establish more detailed rule. The anticipated quantity of water discharge for power
generation, overflow from the spillway of dam and the reservoir water level when power

generation is performed, based on the reservoir operation rule are shown in Fig. 6-5,

In carrying out the abovementioned calculations, evaporation from the reservoir
surface was taken into consideration. The evaporation was taken to be 600 mm annually
as described in Chapter 5.1. Seasonal variation in evaporation, however, was not con-

sidered.



The expected monthly energy productions based on a conventional reservoir op-
eration for the 10-years period from 1961 through 1970 were computed, using the avail-
able discharge calculated. The results are shown 1n Tables 6-3 and 6-4. The average
annual enexgy production calculated on the basis of such conventional reservoir opera-

tion rule utilizing the past ten years would be as follows:

Khlong Pun Power Station 332.1 x 106 kWh
Khlong Tha Dan Power Station 69.5 x 100 kwh

As for the energy of the pumped-storage power station, as described 1n Chapter
4, it was assumed that the annual operating time would be 1,500 hours in consideration

of the future balance of demand and supply as shown below.

Khlong Pun Pumped-Storage

Power Station 600 x 106 kWh
Sam Sip Pumped-Storage
Power Station 600 x 108 Kwh

Operation rule for the pumped-storage development will be studied in detail in
the feasibility investigations.
Due considerations would be also given to the operaton rule in future for the sake

of preserving the beautiful scenery fo waterfalls.
7 Installed Capacity and Number of Units

Maximum installed capacity of a power station must be determined to meet the
shortage in capacity of the power system 1n the most economical manner. For this
purpose, a study was made of the positions to be occupied by the power stations of the
Khlong Tha Dan Project in the future demand and supply balance of this power system,
As a result, the maximum installed capacity were determined assuming the plant

factor of the generating facilities on general peak hours to be about 30%,

For the case of pumped-storage power generation, it was assumed that the
target time for development would be in the latter half of the 1970s and the installed

capacity was taken to be 400 MW (see Chap. 4, Demand and Supply Balance),

The installed capacities calculated for each power station are indicated 1n

Table 6-5.

As for the intake water surface level of the Khlong Pun Power Station, the stand-
ard water level of the reservoir was adopted, which is one-third of draw-down depth

lower than normal high water level. The tailwater level, in the case of a
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pumped-storage power station, was taken to be the median water level of the Khlong
Tha Dan Regulating Pond, while for a conventional type of power station, the estimated

water level at the power station outlet was taken as the tailwater level,

For the Sam Sip Pumped-Storage Power Station, the intake water surface level
was taken to be the standard water level of the reservoir, while the tailwater level

was taken at the median water level of the Khlong Tha Dan Regulating Pond.

The intake water surface level of the Khlong Tha Dan Power Station was taken
to be the median water level of the regulating pond, while the tailwater surface level

was taken to be the estimated water level at the power station outlet.

Further, in the case the layout was that of an conventional hydroelectric plant,
the powerhouses were considered as outdoor types. When the layout was for pumped-

storage power stations, the powerhouses were taken to be underground types.

In the case of a pumped-s torage power station, it would generally be of advan-
tage economically to use reversible pump-turbines, With present technology, for the
effective head of about 300 m, the manufacturing limits for the capacity of one unit is
arcund 250 to 300 MW, Therefore, for this Project, 1n the case of a pumped-storage

power station, 2 units of 200-MW reversible pump-turbines were considered.

When the Khlong Pun Power Station is to be an conventional type of Plan C, it was
considered that there should be 2 units each of turbines (high-head Francis) and gen-

erators (60 MW), since the installed capacity would be relatively large.

In case of plan of pumped-storage development, the Khlong Tha Dan Power
Station would have an installed capacity of 20 MW which 1s relatively small, and 1 unit

each of turbine (Francis) and generator was considered,

The transmission line would be of 115 kV and/or 230 kV.
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CHAPTER 7
DESCRIPTION OF PRELIMINARY LAYOUT
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CHAPTER 7. DESCRIPTION OF PRELIMINARY LAYOUT

7.1 Khlong Pun Dam and Power Station

In determination of the type of the Khlong Pun Dam, studies were made for a rockfill

type and a concrete gravity type using a 1/10,000-scale topographical map.

As for the damsite, the immediate upstream of the Heo Narok Waterfall was selected,
because of the topographical conditions. The results of the study showed a rockfill type to be
slightly more economical, but since the Project would be in a national park area and in consid-
eranion of scenic beauty, and to arrive at a conservative estimate of construction COost, a con-

crete gravity dam was adopted.

In regard to the type of the dam and its design, it should be necessary for studies to he
made upon obtaiming techmcal data hereafter through preparation of detailed topographical
maps based on boring surveys of the dam axis, investigations of quantities and qualities of the
various materials to be used, etc., further giving consideration to harmony with the natural

surroundings.

The particulars of this concrete gravity dam would be crest length of 590 m, crest
width of 4 m, slope of 1:0.72 and crest elevation of 420 m. The concrete volume of the dam

is estimated to be 234,000 cu,m.

It was decided to provide the spillway in the river bed section. For design flood dis-
charge, since measured records were insufficient, the Rational Formula was tentatively
applied and a figure of 1,200 cu.m/sec was adopted. The gates for the spillway were selected

“to be 3 tainter gates,

The Khlong Pun Reservoir would have a lgh water surface level of 416 m and cover an
area of approximately 25 sq.km. The total storage capacity and effective storage capacity
would be 318 x 109 cu.m and 229 x 106 ci.m respectively, The catchment area would be

292.8 sg.km, including the catchment area of the adjacent Khan Basin,

The diversion wnnel would be provided on the right bank of the dam with a length of

330 m and mnner diameter of 7.0 m.

The powerhouse intake would be provided approximately 300 m upstream of the diver-
sion tunnel and the water taken 1 would be conveyed o a surge tank by a pressure tunnel.
The pressure funnel would be 2,000 m long with a diameter of 6,5 m in Plan M, and 2,000 m

long with a diameter of 5.0 m in Plan R and Plan C. The size of the surge tank would be inner



diameter of 20 m for Plan M, and 15.0 m for Plan R and Plan C, the surge tank being a simple
type respectively. Between the surge tank and the power station there would be a penstock
which would be 520 m long with inner diameter of 4.5 m-3.0 m in Plan M, and 650 m long

with an inner diameter of 4.0 m-1.8 m in Plan R and Plan C. :

The powerhouse for Plan M would be an underground type with dimensions of 8¢ m
X 49m x 49 m. InPlan C and Plan R, it would be an outdoor type, the dimensions of which

wouldbe 37m x 16,.5m x 38.5m.

Regarding the tailrace, in Plan M, the water used in power generation would be con-
veyed to the outlet by a tunnel of 125 m long diameter with 6.5 m and discharged into the
Khlong Tha Dan River. In Plan C and Plan R, since the powerhouse would be an cutdoor type,
the water used 1n power generation would immediately be discharged into the Khlong Tha Dan

River.

As for an outdoor switchyard, since there is no suitable location on the right bank in
any of the Plan C, R and M, it would be provided on the left bank side. The space required
wouldbe S0 m x 20 m.

With respect to intake dams of rivulets in the Khan Basin, concrete intake dams would
be provided at one place on the upstream part of the Huai Som Phung Yai River and two places
on the upstream part of the Huai Nang Rong River. An intake tunnel to the Khlong Pun Reser-
veir has 1ts total length 14.5 km. The inner diameters of the intake tunnels would be 2.9 m

-3.7m.

There seems to be an insufficient quantity of construction materials for a dam at the
Khlong Tha Dan River. For this reason, in the case of plan to construct a concrete dam, it
would be necessary to produce aggregate from quarried material. Also, if the plan is for
construction of a rockfill dam, the rock material and filter material would need to be obtained
from quarried material. As a result of surface geological survey, the suitable areas for quar-

ry would be Areas A, B and C (see Chapter 9).

As for the layout and construction cost, see Fig, 7-1, 7-2, 7-3 and Table 7-1,

7.2 Khlong Tha Dan Dam and Power Station

The dam would be a concrete gravity type with a crest length of 290 m, crest width of
4 m, slope of 1: 0.72 and crest elevation of 114 m. The concrete valume of the main body of

the dam is estimated to be approximately 167,000 cu.m,

The crest elevation of the spillway would be 101 m and three spillway tainter gates

would be provided.



The catchment area of the reservoir would be 309.2 sq.km and the reservoir area at
high water surface level of 110 m would be 0,77 sq.km. The total storage capacity would be
17 x 108 cu.m and the effective storage capacity at drawdown of 10 m wouldbe 7 x 10

Ctl.In.

The diversion channel during construction would be provided by coffering one-half of

the present river using the remaimng half as the diversion channel.

The powerhouse intake would be provided close to the dam and water would be conveyed

to a surge tank by a headrace 2,050 m long with diameter 5.0 m.

The surge tank would be a differential type with an inner diameter of 11.0 m, From the

surge tank a penstock 305 m long would be constructed to the powerhouse,

The powerhouse would be a outdoor type with the size of the building being 25 m x

19m x 28 m.

The outdoor switchyard would be provided adjacent to the powerhouse. The area

required would be 20 m x 50 m.

Although there are small amounts of sand and gravel at the Khlong Tha Dan River,
they are wnsufficient quantities to be used as aggregate for the dam. Therefore, aggregates

would need to be produced from a quarry, and as a quarry site Area D is thought to be suitable,

As for the layout and construction cost, see Fig. 7-1, 7-2, 7-3 and Table 7-1.

7.3 Sam Sip Reservoir and Pumping-up Station

Because of dense forests, the topography of the surrounding area of the proposed
reservoir could not be adequately grasped in field reconnaissance and the plan was swudied
based on 2 1/10,000-scale topographical map. The type of the dam would be rockfill, with a
main dam and two dikes to be constructed. The length of the main dam would be approxi-
mately 320 m and that of the dikes 370 m with the total volume of the three being approxi-
mately 450,000 cu.m. Inside the reservoir, in order to obtain the necessary effective capacity,
approximately 900,000 cu.m of excavation was planned. The bedrock at first glance appears to
be good so that facing of the surface was not considered, and the construction cost was esti-
mated without considering the facing. However, as a result of geological survey in feasibility

investigation in future, facing might be found to be necessary.

The diversion channel would be provided at the left bank side of the main dam with

diversion made by a tunnel of approximately 200 m.



The 1ntake would be provided at the right bank side of the main dam and would be a
morning glory type. The distance between the mtake and the suige tank would be connected by
4 pressure tunnel 1,200 m long with an nner diameter of 3.5 n:, Tie soarge tank would be a
water chamber type. From the surge tank to the powerhouse, iwu penstock lines 640 m in

length with inner diameters of 3.8 - 2.8 m would be provided.

The powerhouse would be an underground type, the dimensions being 22m x 50 m

X 85 m.

Regarding the tailrace, the water used 1n power generation would be discharged 1nto the
Khlong Tha Dan Reservoir by a tailrace tunnel 340 m long with an inner diameter of 4.0 m -

5.5 m.

The material excavated from the bottom of the reservoir would be adequate for use

and the dikes.

As for the layout and construction cost, see Fig. 7-1, 7-2, 7-3 and Table 7-1.

7.4 Transmission Facilities

In the event of Plan C, which 1s an conventional hydroelectric development plan, the
power generated at the Khlong Pun Power Station would be transmitted to Prachin Buri where

1t would be interconnected with the existing 115-kV transmission system,

In the event of Plan R, a pumped-storage power development plan, the distance
between the Sam Sip Power Station and Bangkok would be connected by a 230-kV transmission
line. The Khlong Pun Power Station and the Khlong Tha Dan Power Station would be connected
by a 115-kV transmission line i this case. The two transmission lines would be connected

using a 230-kV/115-kV mterconneciion trasformer.

In the event of Plan M, a pumped-storage power development plan, 1t would be necees-
sary to provide a 230-kV transmission line between the Khlong Pun Power Station and Bangkok
in order to receive the electric power necessary for pumped storage from Bangkok and to
transmit the power generated back to Bangkok. The power generated at the Khlong Tha Dan

Power Station would be transmatted to the Khlong Pun Power Station by a 230-kV line.



Photo, 7—1 Khlong Pun Damsite, Looking Downstream

Photo. 7-2 Bedrock of Rhyolite near Kholong Pun Damsite



Elevation in Meler

Fig
7-1 Alternative Plan, Plan C
PLAN (Plan of Development of Conventional Type)

Powerhouse

\Q@%

il ——— =T

PLAN 8 PLOFILE

0 500 L,000™
A L] 1t ! ! 1 ! ! y !
SECTION
o 5om
1 1 ; s ! )

Sxa ”\
Y
Headrace Tunnei

TYPICAL SECTION OF
POWERHOUSE

€ ot umit

—~B600

PROFILE

_cpp  Khiong Pun

Resefyof Inloke
HWL 4i60
LWL 4050

QOriganal Ground Surface

€ of Surge Tonk

g T
/1

o

i

=lo

00 3
=
Heodroce =2 00000 {1 4000) | o : "“'T‘[' s } HWS g L1000
/.g A ~ by .l_.""nbi . ‘_: . ‘-..\ y v 105.00
: AN Lﬁ_“[t‘;/——l I vi0200
oo TYPICAL SECTION OF TYPICAL SECTION 100 \ e
HEADRAGE TUNNEL QF PENSTOCK e
L oo 150_| |_800 |s00 1300
Jrioo " 200

'.|_0




Intcke Tunnel from Khon Sgsin

7.
rl

"’;‘gb admce

oo

s /

p™ 4 Susge Tank
2300 N\ nEelEKEk,

2] 500 1000M
SECTioN
o 50
TYPICAL SECTION OF TYPICAL SECTICN OF
KHLONG PUN DAM KHLONG THA DAN DAM
420 120
0
5 -‘ 211000 1es,
[T
= 400 100 | el IOC0 |
§ E -
5 380 £ B0
ul 5 I
3 §60- ————mm—;;,
3 ?
ap

k3
Fig 7-2(1) Alternative Plan, Plan R (Plan of Development of
Pumped-Storage, Recirculating Type)




Elavation v Metes

PLAN B PLOFILE
FLAN o 500 ) 1.500m

L ' P + ]

SEGTION

! ' | y

—

Sgm Sip Reservair
N - e

+ 46507

. -
/
Vs
i’
- Sam Sip Reservoir I—Ga
2 aso f"” 4820
PROFILE = ao TYPICAL SECTION OF
% 60 Ongng) Ground Surfece POWERHOUSE
W 450
Sam Sip Reservorr 100
T of Intake [ & of Uit
! Onginal Ground Surface @ o Surge Tghk
HWL 47500 /_q
[_5,00 LWL 46500 ] - 90
kv
—
-400 | 400 80
I“ 300 ;3 ’»70
Headroce L=1,20000 {11000} ! @ of Powerhouse -
! Khlong Tha Dan Reservoir g |
m200 HWL 11000 5% ey = NN
_Qutlet Lwl 10000 S i {Hoe=tg— v € _of Turbine SS00
‘% h
100 TYPICAL SEGTION OF TYPICAL SECTION >
HEADRACE TUNNEL OF PENSTOCK
° L a0 ‘
Tailrace Tynnel L=34000 f

Fig
7-2(2) Alternative Plan, Plan R
(Layout of Sam Sip Reservoir and Power Station)

7-11




Khlong Pun Reservoir

HWL 41600
LWL 40500

=

- 400

[~ 300

Meter

Elevotien n

—I150

100

Elevgrion in  Meter

— 50

g HWL 11000

Intake

e, - -3
/ )
" ~
i )
. /3
- _Penstock
1 =
~ T

—

T
*
. e
SNEEN
S ;)" X

o ) 7

PROFILE

_-Onginal Greund Surtace
A

e

@ of Surge Tank

Hendrace: L-l@‘;{ {1 1000}
I

TYPICAL SECTION OF
HEADRACE TUNNEL
1

G

TYPICAL SECTION
OF PENSTOGK

—

Alternarive Plan, Plan M (Plan of Development of Pumped-Storage, Multi-Use T Type)

L of Surge Tank

/#_

Heodrace

L=20500001 1000

TYPICAL SECTION OF

HEADRAGE TUNNEL
)

TYPICAL SECTION
CF PENSTCCK

§ 450~ 3500

@

Knlong Thg Daon
Reservosr

HWL 11000
LWL 10000

Khieng The Dan PS

TWEL 4500

Meter

Elevahion n

Meter

Elevation n

00

- 30

- 80

-50

Ld~3000

PLAN & PLOFILE

800 LOC0m
T A N S S Sa)
SECTION
spm
L ! L I
— \, ‘-—-\*’ T
— e -

=
( \'\\oﬂ

Headrace Tunnel . —. 2%
;

- B N
ﬂ-—.—?
T e
L ) |
i r
. i WAL :
[ ? A}
M e - ,-) ) \ n unne
i/ // ’ e \ ‘I ::c:: r:n:nnﬂclrsm
TYPICAL SECTION OF POWERHOUSE

(Khlong Pun P.S )

% of Umt
Ly 8600 |
3 =
h N
100 néa,
_x_7200_ 0

50

r8o

L]
-
=)

e -
)
¥ 5000 \5',-, -
150

TYPICAL SECTION OF POWERHOUSE (Khleng Tha Dan PS.}

C of Unit
T L6000
7 o - se

ST -13




Table 7-1

Estimated Construction Cost of Alternative Plans

{Unit : 106 Baht)

Plar of Development of Pumped-Storage,

Plan Plan of Development of Plan of Development of Pumped-Storage, .
Power Conventional Type (C) Recirculating Type (R) Multi-Use Type (M)
Station
Irem Khlong Pun P,5 Khlong Pun  Khlong Tha Dan  Pumping-up Total Khlong Pun Khlong Tha Dan Toral
1. Generating Facilities 737.2 737.2 310.1 66L.0 1,708.3 1,128.8 314.9 1,443.7
(1) Civil Works 581.5 581.5 237.1 308.0 1,126.6 758.0 237.1 995.1
Access Road 57.0 57.0 12,9 3.7 73.6 57.0 12,9 69.9
Dam 167.7 167.7 96.5 69.9 334.1 167.7 96.5 264.2
Warterway 266.8 266.8 80.6 129.0 476.4 368.6 80.6 449.2
Power House 16.1 16.1 16.1 36.5 97.7 65.7 15.1 81.8
Contingencies 73.9 73.9 31.0 49.9 144.8 99.0 310 130.0
{2) Hydraulic Equipments 54.9 54.9 34.7 94.2 183.8 107.2 34,7 141.9
Gates 7.5 7.5 5.7 L5 14.7 8.9 5.7 14.6
Penstocks 15.8 15.8 8.3 39.6 63.7 36.0 8.3 44.3
Others 2.0 2.0 2.0 1.3 5.3 3.0 2,0 5.0
Installation Cost 14,8 14,8 9.5 30.9 55.2 30.9 9.5 40.4
Import Duties 7.6 7.6 4.7 12,7 25.0 14.4 4.7 19.1
Contingencies 7.2 7.2 4.5 8.2 19.9 14.0 4.5 18.5
{3) Electrical Equipments 100.8 100.8 38.3 258.8 397.9 263.6 43.1 306.7
Turbines 23,1 23,1 9.6 54.9 87.6 60.4 9.6 70.0
Generators 24.2 24,2 8.8 54,9 87.9 60.4 8.8 69.2
Transformers 7.7 7.7 1.6 319 41.2 22,3 2,2 27.5
Others 11.5 11.5 5.5 22.2 39.2 20.3 8.2 28.5
Installarion Cost 13.0 13.0 4.7 41.5 59.2 42.9 5.2 48.1
Import Duties 16.5 16.5 6.3 41.1 &3.9 41,7 7.1 14,6
Contingencies 4.8 4.8 1.8 12.3 18.9 12.6 2,0
2. Transmission Line 10.1 10.1 2.9 104.5 117.5 72,7 4.1 76,8
Transmission Line,
Substation, Communication 9.6 9.6 2.8 99.5 111.9 69.2 3.9 73.1
System and Import Duties
Contingencies 0.5 0.5 a.1 5.0 5.6 3.5 0.2 3.7
3. Engineering Fee 37.3 37.3 15,7 38.3 91.3 60.0 16.0 76.0
4, Administration Cost 29.8 29.8 12.5 30.6 72.9 48.1 12,8 60.9
5. Interest during Construction 58.6 58.6 24.8 60.6 144.0 94.4 25,2 119.6
Total 873.0 873.0 366.0 895.0 2,134.0 1,404.0 373.0 1,777.0
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CHAPTER 8. ECONOMIC EVALUATION

8.1 Salable Energy and Energy Cost

The salable energy at the sending end of the Khlong Tha Dan Project 1s indicated 1n
Table 8-3 (1), (2). It was assumed that this energy production would all be used effecuvely
immediately from the start of operation, The transmission loss from power station to primary

substation on the outskirts of Bangkok is estimated to be 3%,

The construction cost of the Khlong Tha Dan Project are as shown in Tables §-3 (1), (2).
Assuming interest to be 6% per annum for both domestic and foreign currency, the average
annual equivalent cost over a 30-year period of analysis was determined, adding the annual cost

of operation, maintenance and replacement of facilities.

In this case, the taxes and levies are not taken 1nto consideration. Further, n the case
of pumped-storage power generation the cost of power for pumping up water will be additional
cost. The unit energy cost 1n this case was assumed to be 0.108 B/kWh taking the cost of addi-

tional operation of thermal power, namely the fucl cost.

The annual cost as obtained above divided by the salable energy gives the average

energy cost delivered at substation. This is indicated in Table 8-3 (1), (2).

8.2 Comparison with Alternative Power Source

The economic evaluation of a project 1s generally obtained by comparison wath a prac-
ticable alternative power source, However, as the capacity and capability of a project differs
with each hydroelectric power station, for prectical purposes 1t 1s alimost 1mpossible o find
Just an alternauive facility equivalenr in ourput and energy production. And even if such an
alternative source 15 found, 1t 18 extremely inconvement when deciding the priority
among the number of hydroelectric projects conceivable, Therefore, for this Project, the
method was adopted of selecting a thermal plant as a basis which 15 looked upon as hereafter

comprising the mamnstream of development.

In this case, the No, 3 and No. 4 umts (300 MW each) of South Bangkok Thermal Power
Station, which are considered to occupy a major position in the electric power system of the
1970s, are seclected, based upon wiuch the foliowing evaluation was made, The features of this

standard thermal power plant are given 1mn Tables 8-1 and §-2,



Table §-1

Table

General Features of Alternative Thermal Power Plant and Construction Cost

Unit Figure
Installed Capacaty MW 600
Unit Capacity x Number of Unit MW x Unit 300x2
Annual Capacity Factor % 80
Thermal Efficiency at Sending End % 36 (0.24 1/kWh)
Annual Energy Supply x 10%wn 4,200
Fuel (Oil) x 10%%iters 1,000
*Construction Cost x 100 B 1,750

*Source : NEA Electric Power in Thailand 1949

8-2  Annual Cost of Alternative Thermal Power Plant (Unit ; 103Baht)
Fixed Cost Variable Cost Remarks
1, Interest & Depreciation 127,200 Capital Recovery Factor
(0,07265)

2. Operation and Maintenance 35,100 7,000

Labour Costs 3,600 120Mmy30,000%

Repair Expenses 28,000 7,000  Construction Cost x 2%

Miscellaneous Expenses 3,500 Construction Cost x0.2%
3. Administration Costs 2,800 560 O&M Cost x 8%
4. Fuel Cost (350,560) (0.35)B/ £ x l,OO()xlO6 £

455,000 0.455
(357,560)

5. Total 165,100 462,560
6. Annual Costs at Sending End

Power Cost (B/kw) 275

Energy Cost (B/kwh) (0.085)

0.110
Note :
(1) Interest Rate 6%
Serviceable Years 30 years

(2) Figures in Parentheses exclude import duty.

§-2



8.2,1 Unit Benefit

The benefits of a hydroelectric power station is measured by the cost per kW and kWh
of the basic thermal power station. The annual cost of the thermal plant considered as a basis

will be as follows:

kW cost = B275
kWh cost = [0.085

Therefore, the unit benefits will be respectively as follows:

kW benefit 275 x 115 = B316
kWh benefit B0.11

The coefficient 1,15 used in obtaining the above kW benefit 1s a kW correction factor,
which is for gaining the same reliability in consideration of the fact that thermal power sta-
tions have higher rates of fault than hydroelectric power stations and have long periods of

forced outages.

8.2.2 Project Jusrification

Using the various numerical values stated in the preceding 8.2, 1, with the analysis
period bemng 50 years, the annual cost and annual benefit are calculated as indicated 1n

Table 8-3 (1), (2).

The annual cost (C) of conventional development plan, Plan C, will be B64.5 x 109
while the annual benefit (B) will be B72.2 x 1.06. Therefore, the ratio of annual benefit and
annual cost is 1.12 and the surplus benefit {B-C) will be 7.7 x 100. Further, the salable
energy cost is B0.20 per kWh while the salable power cost is B7,500 per kW,

The annual cost (C) of plan of development, Plan R, is B253.9 x 109 while the annual
benefit (B) is B271.3 x 106. Therefore, the ratio of annual benefit and annual cost will be
1,07, while the surplus benefit (B-C) is B17.4 x 109, Further, the salable energy cost is
B0.26 per kWh while the salable power cost is B4.074 per kW.

The annual cost of plan of development, Plan M, is F226.6 x 108 while the anrual ben-
efit (B) is B234.5 x 108, Therefore, the ratio of annual benefit and annual cost (B/C) is
1,03, while surplus benefit (B-C) is 7.9 x 109. Further, the salable energy cost is B0.%4
per kWh and salable power cost is per B4.362 kW.

These three selected plans of development all have ratio between annual benefit and

annual cost (B/C} of more than 1 while surplus benefus are alsc on the plus side. Therefore,
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these development plans are thought to be economically feasible. However, which of the alter-
natives is to be pushed should be decided upon detailed study of future growth 1n power demand
of Thailand, the necessity for peak power and more detailed 1nvestigations of the project

features.

8.3 Other Prospecting Benefits

In the downstream area of the Khlong Tha Dan River, in the event this Project 1s real-
1zed, there seems to be approximately 6,400 ha of land irrigable n the dry season utihizing the

water spent for power generation,

According to very rough calculatons, the annual surplus benefit when the 1rrigation
program is carried out will be 1,500 Baht/ha, while the annual benefit-annual COSt ratio is

calculated to be 2.5,
The effect of the Project on this agricultural aspect is described in Appendix A-2,

Also, as described in Chapter 3, the project area 1s located in Khao Yai National Park.
Therefore, as in Japan, Europe and America, it may be possible to consider recreation benefits
due to the Project. However, this is a matter outside the field of our study and cannot be

elaborated 1n this Report,
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CHAPTER 9. FUTURE INVESTIGATIONS FOR FEASIBILITY STUDY

In order to conduct a feasibility study, 1t is necessary for the following to be carried

out beforehand;

(1)

Preparation of Topographical Maps

i) In order to ascertain the storage capacities of the Khlong Pun Reservoir
and the Khlong Tha Dan Reservoir, the exisung aerial survey topograplucal

maps (1/10,000-scale, 5-m contour) should be reexamimed carefully.

11} For parts of the project area not covered by the abovementioned aerial
survey topographical maps, aerial survey topographical maps of the same scale

and same contour should be additionally prepared. (See Fig. 9-1)

i} In order to improve the accuracies of structural designs and construc-
tion cost estimates, trees should he felled for better vision at the proposed
sites for the structures indicated below, at the same ume prepared accurate
topographical maps of 1/2,000-scale, 1.0-m contour, for the area centered

around these sites.

Khlong Pun Dam

Khlong Pun Waterway
Khlong Pun Power Station
Sam Sip Reservoir

Khiong Tha Dan Dam
Khlong Tha Dan Waterway
Khlong Tha Dan Power Plant

Intake Dams 1n Khan Basin

iv) Since there 1s a topography 1n the form of a saddle near the end of the
backwater of the Khlong Pun Reservolr, 1t 1s necessary to confirm whether there
will be a possiwbility of the water of the reservoir leaking to other basins through
this point. For this purpose, preparation of topographical maps explained 1n

u} above and performance of drilling described in (2) below will be required,

v) The expense for the above-mentioned mapping would require roughly

1,600,000 1f 1t 15 estunated 1n Japan.

9-1



(2) Geological Investigation Work

The influence of geological conditions on design of civil structures and estimate
of construction costs is great. Therefore, in order to carry out a feasibility study, it
is necessary to have performed the geological survey work indicated in Table 9-1 and

Fig. 9-2,

The expense for the geological investigation work would require roughly

B2,100,000 if it is estimated in Japan.

(3) Compilation of Hydrologic and Meteorological Data

As hydrologic and meteorological data are basic to water resources develop-
ment, the hydrelogy and meteorology should be observed continuously and recorded at
the two gaging stations at Ban Khlong Si Sook and at the neighborhood of the Khlong Pun

damsite.

Especially, during heavy rains when floods are expected, it is desirable for

observations to be made every other hour.

Hydrologic and/or meteorological data of the Nam Sai Yai Basin ad)jecent to the

project area, and at Nakhon Nayok, Prachin Buri and Bangkok should be compiled.



Fig 9-1  Location Map of Survey Investigations for Feasibility Study
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Table 9-1 List of Geological Investigation

Khlong Pun Dam:

Location Drilling Pit
Number Length (m) Number Depth

Dam 5 150

Reservoir Rim near Dam 4 80

Saddle near the End of Back Water 1 20

Quarry Area, A 3 90

Quarry Area, B 1 30

Center of Surge Tank 1 50

End of Penstock Tunnel 1 20

Center of Power House 1 30

Borrow Area, C 6 120 6 *
Total 23 590 6

* Pits should be digged vertically by manual tools such as pick-axes and
shovels, until it will be anable to dig further with them on account of
the hardness,

Khlong Tha Dan Dam :

Location Drilling Adit
Number Length (m) Number Length (m)
Dam (Drilling for riverbed, Adit 2 30 4 100
for Abutment)
Quarry Area, D 2 60
Center of Surge Tank 1 45
Center of Power House 1 20
Total 6 205 4 100
Sam Sip Reservoir :
Location Numbzf lllf.l:fgth {m)
Reservoir 3 60
Dam (Main) 4 80
Dike 2 40
Center of Surpge Tank 1 40
Total 10 220
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A-1 A Reference to the Jones Report

In the Jones Report, a short-term forecast for the 10-year period from 1968 1o 1978
and a long-terin forecast to 1990 were made, but since it may be considered that the Khlong
Tha Dan Project would be realized 1n the period from the latter part of the 1970s to the early

1980s, only the long-term forecast will be reffered to here.

As preconditions for the load forecast, the report makes a number of assumptions,

the more important of which are as listed below.,

1} Population growth

2) Growth of Gross National Product (GNP)

3) Continuing rate reductions

4) Future levels of investment in utility facihities

At first, the population of Thailand 1s estimated to have been 36 million in 1970. The
increase up to the present has been at an extremely high rate, and according to statistics, a
growth rate of 3.1% has been recorded since 1960. This 1s lugh enough to be second if not
first among the Southeast Asian countries. The Jones Report has adopted two versions of
estimated population growth. One is based on the forecast of the National Statistics Office of
Thailand estimating that the growth rate will become even higher in the future (Py : 1970 —
1975, 3.2% ¢ 1975 — 1980, 3.3% ; 1930 — 1985, 3.4% ; 1985 — 1990, 3.5%) and the other that
the growth rate of 3.08% 1n 1970 will gradually be lowered to become 2.02% 1n 1990 (P'Z)'

Secondly. a forecast of GNP were not available from Thai Government, and three

estimations as indicated below were made based on the data from the staff of ECAFE,

Growth Rate 1970 ~ 1990
GNP, :  Decrease from 7,3% to 5.5%
GNP5 : Consrant at 8.0% after 1974
GNPg : Increase from 7.3% to 9.5%
Thirdly, electricity rates in the past have been lowered roughly every two years
through admimstrative guidance by the Thai Government, and the report assumed that this
has contributed greatly to the mcrease in power demand. Through this continuing rate

reduction, the electricity rates in Thailand which had been extremely high in the past have

been lowered at least in the capital area to a level comparable to foreign ¢ountries and



this has been of great help in increased activity in industry and raising of living standards,
However, the electricity rates in local municipalities, in spite of the repeated reductions, are
still high 1n many places, The report makes its forecast based on the precondition that re-
ductions in electricity rates will continue to be made in the future and that this will work as

a lasting stimulant to demand.

Lastly, although the investment rate in electric power enterprises in Thailand has
been about 0.8% in the past, the report considers that this will be raised in the future to 1.1%

which is compazrable to the rate in the U,8.A,

Based on such assumptions the Jones Report made forecasts of power demand in
6 variations using two alternatives in regard ro population increase and three alternatives for
GNP, In this case, the correlation between growth rate in GNP and electirc energy production

was obtained by the method described below,

When a correlation is sought between GNP per capita and kWh per capita in various
countries of the world as of 1966, an extremely good correlation as shown in Fig. 4-1 is found
to exist. Generally, utilizing this relarionship 2nd assuming GNP and population, the electric
energy production can be obtained, However, on examination of the historical trend of the
relationship between GNP per capita and kWh per capita in Thailand, it is found to be at a rate
considerably steeper than the world curve and takes the form of crossing with the world curve
{see Fig, A-1-1 of Appendix A~-1), In the Jones Report, in making the forecast of the electric
energy preduction, the hypothesis is that this trend which is considerably different from the
world curve will continue to exist in the future, [t is assumed that the above GNP-kWh re-
lationship will be the same for all of the 6 alternative cases. The resuits of forecast are as

given below with GNP (1[)/P;, which is more or less median and suggested to be most probable.

Total Production of Power (Billions of kWh)

1970 1978 1990
GNP (1)/P; 5.4 19.7 52,5
GNP (1)/Py 5.4 20.9 54,3
GNP (11)}/Py 5.3 22,7 74.2 (13,550 MW)
GNP (11)/P 5.4 24.0 76.7
GNP (II1)/P, 5.3 23,2 84.2
GNP (111) /P 5.3 24.3 86.6



A comparison between the forecast of GNP (II}/P; and forecasts in the past is given
in Fig. 4-2. The forecast of the Jones Report compared to a past forecast (Moulton Report)
is already 55% higher in 1975 and 95% higher in 1980. In terms of growth rate, from
32.8% in 1970, there is a gradual decline becoming 18.5% in 1975, 13,3% in 1980 and 8.4%
in 1990,

Fig A-1-1 Relation of GDP and Energy Generation
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EFFECT ON THE DOWNSTREAM AREA
OF THE KHLONG THA DAM PROJECT
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A-2  Effect on the Downstream Area of the Khlong Tha Dan Project
A-2-1 Introduction

After completion of the Khlong Tha Dan Project, the conditions of stream flow of the

Khlong Tha Dan river 1n the downstream area will be much improved,

The average run-off in March and April has been nearly zero, but it will be increased to
approxumately 8.0 cu.m/sec according to a result of the study of power generation in case of

Plan R or Plan M,

This study of Appendix was made very roughly assuming that the project was im-
plemented in Plan R or Plan M where the regulated discharge for power generation could be

used for the irrigation.
A-2-2  Outline of Agricultural Conditions
(1) Social Condition

Changwat Nakhon Nayok in which the project area is located belongs to the
Central Region and has an area of 2,414 sq. km 1/ which 1s no more than approximately

0.5% of the area of entire Thailand (514,000 sq.km).

The population is approximately 153,700.{/ {76,300 males, 77,400 females) of
which the agricultural population is 113,7001/ or approximately 74%. The population
density is 64 per sq.kml/ and is high compared to the average for Thailand of 51 per

sq.km, but1s lower than the average for the Central Region of 80 per sq.km.

The irrigation project area would cover 3 districts, Amphur Ban Na, Muang and
Pak Phli, The exisiting conditions of land utilization 1n each of these amphur is as
shown in Table A-2-1, Approximately 30% of the arable land of the three districts 1s
irrigated by the existing Nakhon Nayok Irrigation Projectg/ which was constructed by
RiD. Further, the cultivated area of the three districts is 453,321 rai (72,530 ha),
while the number of farm households is 13,262 so that the cultivated land per household

is 34 rai (5.4 ha)3/,

1/ Statistical Yearbook 1963

2/ Nakhon Nayok Irrigation Project ; The project covers an area of 574,000 rai, and
there is a plan of development, the Sai Noi-Sai Yai Irrigation Project, in the east
of the project.

3/ Census of Agriculture 1963 (Changwat Nakhon Nayok)



As is shown in Fig., A-2-1, Highway No. 33 goes through the middle of the
Changwat. The central city, Nakhon Nayok lies on this highway. The road to Bangkok

is paved all the way and it takes approximately 2 hours from Nakhon Nayaok to Bangkok,
(2 Natural Condition of Agriculture

The annual mean temperature of this region according to data at Prachinburi
City is 28.5°C, while the monthly average maximum temperature is 31°C (April) and
the monthly average minimum temperature is 27°C (from December to January)., The
temperature of this region will be met the conditions to cultivate rice, vegetables and

fruits throughout the year,

According to the data of Nakhon Nayok Observation Station, pre. ipitation is an
average of 2,000 mm annually with the greater part concentrated in June through
October. The farmers are preseatly cultivating paddy rice and other crops taking

advantage of this period.

The plain area, which is an alluvial land, is formed by the Prachin River and its
tributaries, the Nakhon Nayok River and the Khlong Tha Dan River. The elevation of the

area is approximately 40 m or lower se that it can be said a low plain land.

The mother rock of the project area is sandstone of the Mesozoic era and the
soil characteristic is thought to be almast entirely sandy loam, although some silty
soil can be seen at elevations of about 5 m. The topsoil is fairly deep and is con-
sidered to be favorable for cultivation of upland crops and fruit trees, The variation
1n underground water level is great and the water table drops to 3 - 4 m below the

ground surface in the dry season and rises to the surface in the ramy season,
(3) Irrigation and Drainage Conditions

As mentioned in (1), the Nakhon Nayok Irrigation Project has already been
completed on the southern part of Highway No. 33. The elevation of this project area
would be below 5 m. Therefore, levees surrounding the project area have been
constructed, and gates have been also provided at the outlets of drainage canals in

order to protect the project area from flood 1n the rainy season,



218309y 91°0 = SIslowl axenbg pQo‘T = SI919W OF A OF = T8I [ (¢

(yoden uoeN 1emiuey)) ‘£96T oImno1xdy jo snsuany aoInog vieQg (z
TEX T Topun sSUIP[OY SPN[oX2 ! By Ul BAXy (1
0'¢ 8¥0°'0Z 80 008'Ss ¥'0 0s8°C €T TBS'ST LT 0T9'8T 6°9% L68°CZE 806 965°'STY 960'689 1210L
9T 8900 - - 2’0 8IS 90 6Li¥'1 8'€ 999’8 CT'6L ETIYO8T 0°t6 FPZi6lE SLL'SET  YereyyBuQ
T LI1'% 80 TiL T'0 0S T L1271 'l TIS0'T 0708 €24'8T  9°'%6 ¥65°06 L6186 TTUd J&d
9'¢ 899 T ss¥'e L0 FLO'T ¢'C L(ES'E 8'T TLL'ZT L'%T 991°'€C  9°68 89S‘T¥I €20'851 BN ueg
e 6649 80 €451 90 80%'l L7 6¥E'6  T'E ZEE'9  STP S69'FR  £°L8  06T'RLI 187 661 - Suenpy
% waxy % waay % waxy % Ay % eaxy % BIIY % BaIYy
s3utproy
puel s[qeiy pa1egix] 1107, 10 Inydwy
pusy sdoxp IS0 PUB MO[[C] pa1BdIII] Ut pue
PUEL 13430 PUBL poom 2IMISB] 9313 Ul puUL| PUB] 2[CBIV voTV 8I0L
“Inydwy Aq asn) pueT Aq sSuiproy jo waIy [EI0L 1-Z-V 2Iqel,

A-10



However, since this project is not provided with reservoir for storing rainfall
in the rainy season, the present conditions of the agricuiture 15 that of single-crop

farming of paddy rice in the rainy season.

There is almost no irrigation and drainage facilities in the northern part of
Highway No, 33, which does not belong to Nakhon Nayok Irrigation Project. Particularly,
on both banks of the Nakhon Nayok River, no large-scale irrigation and drainage facili-
ties as mentioned above could be seen. In other words, between elevations of 5 m and
20 m, almost all of the arable land is regarded as an area of single-crop farming of
paddy rice, while between elevations of 20 m and 40 m, however there are many fields
(paddy fields and orchards) relying on rainfall on the right bank of the Nakhon
Nayok River along the road which leads to Nang Rong Fall. There are found orchards
of several hectares te more than 50 hectares growing durian, ranbutan, maagao, etc,

At these orchards, pumps and wells for irrigation are provided to cope with the dry
season. The characteristics of soil is sandy and the rooting zone is deep. Since this
area is near the Bangkok market, if water could be supplied throughout the year for
the higher lands from EL, 20 m to EL, 40 m, it could become a promising fruit-

growing district.
(4) State of Farm Management

Farm management in Amphur Muang, Ban Na and Pak Phli, except for fruit
orchards in part, consists almast entirely of paddy rice cultivation utilizing rainfall
in the rainy season. 'The scale of farm management per household of 34 rai (5.4 ha) 1s

higher than the national average of 19 rai.

If it 13 broken down into classes for the three districts combined, approxi-
mately 2% are of 9,9 rai (1.6 ha) or less, 63% of 10 rai to less than 60 ra1 (1.6 -
9.6 ha), while approximately 22% axre of 60 rai to less than 100 rai (9.6 - 16 ha)
as shown 1n Table A-2-2,
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The conditions of land tenure are indicated in Table A-2-3, which shows that

for the three districts combined, land owners comprise about 709,

The major crops, cropping areas and the amount of production around the pro-
ject area are indicated in Table A-2-4. It can be seen from this that the area of paddy
rice is overwhelmingly greater than that of other crops. In shoxrt, more than about 90% of
the arable land is occupied by paddy fields. The yield per hectare is 1.14 tons or ap-

proximately 80% of the average of 1.44 tons for whole Thailand in the same year (1962),

Paddy rice cultivation is commenced as soon as the rainy season sets in,
Transplanting method is general practice in this area. The seedling bed is made in
the middle of May and 45 - 60-day-seedling is transplanted into the field. In a part of
the inundation area along the river, broadcasting method is performed, Harvesting is

started in November when the rainy season has ended.

Agricultural work appears to be depended on exclusively manual and animal
power. In regard to fertilizers, there are some farmers seen to use small amounts

of ammonia, but there are almost no agricultural chemicals used for paddy rice,
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Table A-2-2 Area of Land Holding by Size by Amphur Muang, Ban Na and Pak Phla
Muang Ban Na Pak Phli Total
Area (raly G Area(rai) % Area (rai) s Area (raf) %
Under 2 152 0,1 63 21 236 0.1
2 - 3.9 §58 0.4 587 0.4 147 0.2 1,592 0.4
4 - 5.9 1,166 0.6 823 0.5 274 0.3 2,263 0.5
6 - 7.9 1.0%0 0.5 699 0.4 362 0.4 2,151 0.5
8 - 9.9 1,363 0.7 914 0.6 431 0.4 2,708 0.6
10 - 1.9 5,376 2,7 3.827 2.4 1,718 1.8 10,921 2.4
15 - 199 7,439 3.7 5,454 3.4 2,304 2.4 15,197 3.3
20 - 249 11,555 5.8 9,939 6.3 5,274 5.5 26,768 59
25 - 299 11,824 5.9 12,525 7.9 5,135 5.4 29,484 6.5
30 - 34.9 17,885 9.0 15,660 9.9 7,486 7.8 41,031 9.0
35 - 39.9 13,617 6.8 12,083 7.6 6,849 7.1 32,549 7.2
40 - 44,9 18,010 9.0 16,175 10.2 8,874 9.3 43,059 9.5
45 - 49,9 11,570 5.8 10,136 6.4 7,104 7.4 28,810 6,4
50 - 549 15,407 7.7 12,952 8.2 8,560 8.9 36,919 8.1
55 - 599 7,756 3.9 7,895 5.0 5.304 5.5 20,955 4.6
60 - 999 45,051 22,6 30,465 19.3 24,715 25.8 100,231 22,1
1w - 139.9 16,226 8.1 10,597 0,7 8,298 8,7 35 7.7
140 - Over 13,258 6.6 7,342 4.6 2,962 3.1 23,562 5.2
Total 199,603  100.0 158,136 100.0 95,818 100.0 453,557 100.0
Source : Cencus of Agriculture 1963 (Changwat Nakhon Nayok)
Table A-2-3  Number of Land Holding by Amphur Muang, Ban Na and Pak Phli

Total Holding  Qwner Cash renter Crop renter Qiher

Changwat Total 17,219 11,490 410 2,953 2,366

Amphur Muang 6,064 4,164 157 1,184 559

Amphur Ban Na 4,743 3,122 115 900 606

Amphur Pak Phlt 2,455 2,043 1 128 283

Source :

Cencus of Agricilture 1963 (Changwat Nakhon Nayok)
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A-2-3

Plan of Irrigation
(1) Selection of Irrigable Area

As for the downstream area, which would be effected by the Khlong Tha Dan

Project, two areas below could be considered,

i) The existing Nakhon Nayok Irrigation Project spreaded out on the

southern side of Highway No. 33.

ii) The area spreaded out on the northern parts of Highway No. 33.

With respect to i), since irrigation facilities are already provided and there
is almost no necessity for construction of these facilities, the paddy rice (2nd crop)
and upland crops would be introduced even in the dry season in addition to the crops in
the rainy season, The benefit expected in second crops is regarded as the main benefit

of this project,

Regarding ii), since there are no irrigation facilities available at present, intake
facilities, waterways, distribution channels and terminal works will have to be con-
structed. At relatively lugh elevations of 20 m - 40 m, upland crops {especially fruit
trees and other perennial crops) could be newly introduced and high benefits would

be expected,

The selection of either i) or ii) should be determined according to the result of
further investigation. Especially, 1t would be necessary to have a grasp of the con-
ditions of farm management, irrigation water requirements for farm management, and
variations in water requirements in the future of the existing Nakhon Nayok Irrigation

Project.

Information about these problems was not available in the present survey,
so that it was assumed tentatively in this study that area of ii) would be developed.
Further, it was decided in this plan that only dry season irrigation would be the oh-
jective, because runoff in the rainy season would be almost assigned to the existing

irrigation project.

After clarification of water utilization, including existing water right on the
downstream in the rainy season, surplus water, if any, would be utilized for the

irrigation of the Khlong Tha Dan Project.
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(2) Plan of Development

According to the 4-year and 9-month observation records obtained at Ban
Khlong 5i Sook Gaging Station, the driest year was 1968, The monthly average dis-
charges in that year aftexr Completion of the Khlong, Pun and Tha Dan Power Stations
are shown in the table below. These would be the minimum discharges which can be

utilized for irrigation in the dry season.

Available Discharge for Downstream Irrigation Area

(Unit ; Cu.m/sec)
Jan. Feb. Mar. Apr. May Jun. Jul, Aug. Sep., Oct. Nov, Dec.

Available Discharge
for Irrigation 12.0 10.8 8.9 8.0 13.8 155 33.0 40.2 30.0 18,0 15.9 12,2

The state of land utilization was estimated from 1/50,000-scale topographical
maps and Census of Agriculture, Changwat Nakhon Nayok (1963), The proposed area
was taken to be the area surrounded by the four lines shown below on the both banks

of the Nakhon Nayok River,

Upper Limit (Northern Limit) : EL. 40 m line
Lower Limil (Southern Limit) : Highway No. 33

Western Limit : Huai Nang R1 River (border between Amphur Ban Na and
Amphur Muang)

Eastern Limit: Khlong Yang River

The state of land utilization is shown in Table A-2-5,

Table A-2-5  Available Area by Land Category (ha.)

Plan
Present 1st crop 2nd crop Remarks.
Paddy Field 10,600 10,600 4,000
Orchard 650 1,750 1,750
Upland 650 630 650
Pasture land 1,100 — —
Total 13,000 13,000 6,400
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The irrigdtion requirements for the second crop in the dry season were obtained as
1 s s .
shown in Table A-2-6 referring to the report Y on the adjacent Nam Sai Yai Project, The

irrigable area in the dry season was decided to be 6,400 ha,

Table A-2-6  Water Requirement for Proposed Irrigable Area
{6,400 ha)

Jan, Feb, Mar. Apr. May Jun, Remarks

Paddy Rice (2nd Crop) 0.24 2.96 7.04 6,00 5,68 0.48 4,000 ha
Upland Crops 1,82 1,18 1,85 1,87 2,16 0.65 2,400 ha

Total 2,06 4,14 8.89 7.87 7.84 113

Further, if all of streamflow in the dry season were to be used for upland crops, the

irrigable area would be approximately 10,000 ha.
(3) Ir}'igation Works

The water requirement for the irrigable area of 6,400 ha in the dry season
(second crop) is shown in Table A-2-6, which will be conveyed from both banks of the

Nakhon Nayok River. The proposed irrigation area by district are shown in Table A-2-7.

Table A-2-7  Proposed Irrigable Area by District

Irrigable Area (ha)
Left Bank of Nakhon Right Bank of Nakhon

Nayok River Nayok River Total

Paddy Rice (2nd Crop) 2,000 2,000 4,000
Orchard 750 1,000 1,750
Upland Crops 350 300 630
Total 3,100 3,300 6,400

1/ Feasibility Report, Nam Sai Yai No. 2 and No, 3 Hydroelectric power (1968)
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‘The maximum capacity of the waterways and the length would be 5.4 cu.m/sec
and 16 km long respectively on the left bank, and 5.3 cu.m/sec, and 26 km leng on the
right bank (see Fig, A-2-1),

(4) Cost of Irrigation Works and Economic Evaluation

The cost of irrigation works, annual cost and annual benefit were determined
referring to the beforementioned Nam Sai Yai Project Report, In other woxds, the cost
of irrigation works including intake faciliry waterways, land reclamation, terminal
works, etc., was assumed to be B10,700 per ha, the annual cost F1,000 per ha, and the
annual benefit 2,500 per ha. As a result, the surplus benefit, and the ratio of benefit
and cost due to the irrigation project would be §1,500 per ha and 2.5 respectively.
Therefore, 1t may be said the agricultural aspect of the Khtong Tha Dan Project would be

promising,
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L, Topographical Map

Scale of 1 : 250,000 2 sheets Sheet No, ND 47-8, 12

Scaleof 1 : 50,000 9 sheets Sheet No, 5254 (I - IV)
Sheet No, 5253 (I - IV)
Sheet No. 5253 (IV)

Scale of 1 : 10,000 4 sheets Project Area (No. I - No. 4)
II. Aerial Phorography
Scaleof 1 : 40,000 24 sheets Project Area

I1L Highway Map

Scale of 1 : 1,000,000 1 sheet Northern Region
Scale of 1 : 1,000,000 1 sheet Central Region

Scale of 1 : 1,000,000 1 sheet Southern Region
Scale of 1 : 1,000,000 1 sheet North-Eastern Region

Iv, Hydrological Data

{a) Daily precipitation
Ban Khiong Si Sook 5 yrs, 1966 (Jan.) - 1970 (Dec.)
Wang Heo 6 yrs. 1965 (Jan.) - 1970 (Dec.)
Ban Sapanhin 8 yrs, 1963 (Jul.) - 1970 (Dec.)
Kabin Buri 3 yrs, 1968 (Jan.) - 1970 (Dec,)
Prachin Buxi 3 yrs. 1968 (Jan.) - 1970 (Dec.)
Nakhon Nayok 3 yrs. 1968 (Jan,) - 1970 (Dec.)
Saraburi 3 yrs. 1968 (Jan,) - 1970 (Dec.)
Si Khin 3 yrs. 1968 (Jan.) - 1970 (Dec.)

(b) Daily discharge

Ban Khlong 51 Sook 5 yrs, 1965 (Apr.) - 1969 (Dec,)
Wang Heo 6 yrs. 1965 (Jan., ) - 1970 (Dec.)
Ban Sapanhin 6 yrs. 1965 (Jan, ) - 1970 (Dec.)

(c) Yearbook
1965 Hydrologic Dara 1
1965 Hydrologic Data 2 Volume I, II
1967 Hydrologic Data 1 Volume II

(d) Daily Max, and Min, Temperature

Ban Khlong S1 Sock 2 yrs, 1968, 1970



(e)

()

Daily evaporation
Ban Khiong Si Sook 3 yrs.
Location maps

Location of hydrologic 1 sheet
stations

Location of stream 1 sheet
gaging stations

Location of hydrologic 1 sheet
observation stations

V. Geological Data

Geological Map of Thailand 2 sheets
and Geology of Thailand

VI Electrical Data

Thailand Electric Power Load Forecast

Electric Power in Thailand 1969

Electric Power Statistics for Thailand (1969)

Hydro Electric Power Potential in Thailand

Projections of Sectional Outputs and
Employment

Electric Rate Schedule

VII.  Agricultural Data and Others

Agricultural Statistics of Thailand (1967)

Census of Agriculture (1963)
Changwat Nakhon Nayok

Changwat Saraburi

Types of Forests, National Parks
and Wild Life Preserved Arecas

1968 - 1970
1970. NEA
1965, RID
1968, RID
1

1

1

1

1

3 sheets

1

1

1

1
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(4)

(B)

(C)

A-d

Data of Precipitation
(1) Ban Khlong Si Sook

(2)  Nakhon Nayok
Data of Daily Discharge
(1) Ban Khlong Si Sook

Data of Daily Evaporation

(1)  Ban Khlong Si Sook

Hydrological Data

from May 1965 to Dec.

from Jan, 1952 to Dec,

from Apr. 1965 to Dec.

from May 1965 to Dec.

1970

1970

1969

1970
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Daily Precipitation

STATION _BAN XHILONG S1SO0K

RIVER, IN THE BASIN OF ELEVATION UNIT mm YEAR 1963
DATE| Jan. Feh, Mar. Apr. May June July Aug. Sept. Qet, Nov. Dec. DATE
| 1 22 8 0.5 0.2 247 415 1]
| 2 82.9) 27.9 L1 0.2 1.7 2 |
i 32,5 1.4 16 8 33 0.2 39.5 3
4 0.6 15.8 81.0 25.1 24 0.9 4
5 2.2 7.6 32.6 704 3.8 7.9 170 5
G L9 105 71.8 47.3 6.8 [
[ 7 1.7 0 8§ 10,5 790 9.6 2.6 0.4 7
[ 8 07 125 21.2 L7 241 8 |
9 1.8 40.3 77 25.4 12.7 3.4 9
10 0.3 3L0) 02 80.0 no 10
1 135 38,0 04 L1 1.9 1|
12 2.1 30.5 0.5 7.3 24.9 12 |
13 13 11.8 03 L1 3.7 16| 13 ]
1 9.5 25 20.3 9.5 4 |
15 22.9 10.5 0.3 Sh.4 15
16 0.5 55 9.3 0.4 16 |
|17 17.3 367 74.6 4L.6 L3 32.2 17
18 23,5 33.5 2.7 L0 2.1 18 |
19 76.5 1.6 5.8 36.0 1.7 19
20 10,0 21.5 15.7 b a0 251 20
[Z1 137.0 47.3 10,7 L
| 22 3l 230 7.7 17.1 216 2 |
23 55,8 27.0 44.6 10,1 07 2.4 23
| 24 375 62.7 20.3 9.9 2.7 128 24 |
25 £.2 4.1 40 6.4 2.9 25
.26 33 223 13 8.0 12 58 26 |
| 27 30.0 a4 4.3 7.8 374 5.2 27 ]
| 28 42.3 1.1 21.8 IL7 195 08 28
29 3zt 5.6 4.4 150.7 257 29 |
30 22,2 10.5 26,4 LS 58 19,5 30
31 16,8 12,0 36,5 4.1 a1
Total 403.8 788 4 368.1 830.9 |  s09.8 162.9 162.1 1.6
Annual Total { ) I
Dally Precipitation STATION _BAN KHLONG Si 500K
RIVER, IN THE BASIN OF ELEVATION UNIT mm YEAR __1966
DATE] Jan Feb. Mar. Apr. May June July Aug Sepr. Oet. Nov. Dec. DATE
[ 1 0.2 1.4 81,5 0.9 1
[ 2 1l 137 2 3.2 13 2]
3 . 16 335 98 4 7.9 3]
C 4 378 3.0 17.5 15.2 0.7 1]
5 360 6.1 18 0 2.7 32.7 154 5 7|
6 93 01 19.9 28 6 29,3 6 |
| 7 221 1.5 579 3.4 7
| 8 54.5 15.0 18 3.7 1.4 14.9 8 |
9 34.3 2.6 1,1 916 12,7 34.3 9
10 115 4 1.8 60 615 96 58 10 |
m 0.5 39.3 13.1 17 11
12 7.3 7.8 17 4 12 ]
13 13.5 50.2 763 334 2.9 13 ]
| 14 LO 52.2 48.0 600 56,1 0.9 11,0 47| 14 7
5 1.5 872 93 19 0.7} L6| 15 7]
16 K] 259 3.7 615 54.6 0.4 56| 16
_17 0.7 171 47 8 25.7 143 216 8.4 17 |
18 11 19,3 246 048 115 1.9 18 7]
| 19 34 2.7 76.5 194 08 20% 19 ]
20 16.5 17 4 L6 318 174.8 2.2 13 20 |
.21 5.5 52,1 29 17 21
22 12,9 59 0f 500 650 1.5) 22 7
| 23 17.4 22,0 1§ 23,0 23 ]
24 1.2 %7 125.1 25.0 9.3 36.4 24 ]
25 2.0 35.6 25 7.0 7.2 25
26 23.7) [ 50.6 197.5 %6
.27 0.3 0.7 123 1 120 32.6 27 ]
28 B4 4L.4 20,5 7.5 5.4 28
| 29 57.1 35 68.7 9.9 29 |
30 19,1 12.0 14.1 7.0 30 ]
31 8,2 4.3 24.4 31
Total 0.0 39,3 20.0 34.4 593.4 556.0f 102841 10825 4435 194 3 11,0 18.1
Annual Total { y| 40213




Daily Precipitation STATION BANKHLONG S SQOK
RIVER, IN ‘THE BASIN OF ELEVATION UNIT mm YEAR ___1967
DATE| Jan. Feb Mar. Apr. May June July Aug, Sept, Oct. Nov, Dec. | DATE
| 1 0.8 20.8 42.2 0.5 18.0 1
[~ 2 L5 34 40.8 111 514 2
R 09 0.2 12,3 14.3 371
[ 4 14.0 313 18.9 1]
5 0.6 48.0 1.3 150 5 7]
| 6 0.2 [ 61.3 30.2 10.0 5
[ 7 2,5 40,6 5.2 85.5 7
[ 8 6.3 0.5 16 3 0.2 '
9 5.3 16.8 792 is 0.5 9 ]
10 30.0 8.6 6.0 4.6 12.5 6.1 10 ]
F 1 20 65,1 82 711 K 7.9 1]
12 2.0 15.4 9.7 25 35 100.7 24.3 12 7]
13 310 6.6 44 65.7 23.6 27.9 0 5 11 13 7]
[ 14 17.6 14.8 12,7 14.5 14 7]
15 0.5 217 2.t 33.5 12 0 15 ]
16 .4 5.2 13,9 194 7.0 16
17 240 6.2 52.5 25.3 7.0 66 17 7]
[ 18 7.4 27.3 21.3 31 20.0 18 ]
[ 19 58.0 L0 177.4 L4 19 7]
20 1.9 13,5 15.8 27.9 ap |
|21 0.5 56 0 EEN T35 21
(22 1190 55.5 19,0 22 |
23 9.6 9.7 2.7 1.0 15 35.0 23 7]
["24 12,0 13.1 290 3.2 5.7 24 7]
25 29.0 33.9 35.1 29,5 0.5 25 ]
26 13.9 22.0 330 316 50,3 75
_27 4.4 37.8 2.1 0.2 32.9 7.5 27 ]
| 28 3.4 18 0.6 6.5 0.9 5.5 28 ]
[ 29 7.3 116 2.6 10.0 1.2 2.2 26 7
30 0.5 439 0.5 53 30 ]
31 2.3 5.7 0.7 31
“Total 2.3 0.0 0.2 129.3 343.4] 2860 643.3( 76L6| 44L.3 210.8 47,0 0.0
| Annual Tata ¢ )| 2652
Daily Precipitation STATION
RIVER, IN THE BASIN OF ELEVATION UNIT mm YEAR ___1968
DATE Jan. Feb, Mar. Apr, May June July Aug. Sept. Oct. Nov, Dee. DATE
1 12.4) 3.2 19y 70 4 82 4.3 08 1
[ 2 2,5 22 4 39 63,7 19.2 14 2]
- 3 3.0 19.8 52,2 22 4 3]
™ 4 556 2.7 29.7 201 529 24 8 4]
[ s 12,1 20.1 B3 9.9 102 7.4 5
[ 6 3.k 370 26.5 7.2 Z8 5 |
[ 7 17 5 144 4.3 7
| 8 77 18.4 600 420 L9 s |
9 66 L5 58 258 554 37.2 6.2 9 |
10 0.5 16 6 12 4 80 10
T 2.9 28.7 2.4 35.4 5.2 11
{12 7.2 72 18.9 821 L7 12 ]
13 6.4 78 128 18 6 112 155 Le| 13 7
[ 14 221 27.8 234 g8 14 7
15 16 2 24,4 1.5 1.2 15 7]
[ 16 705 ) 2.5 305 16
17 4.0 13 1 9.3 19 4 33 12 17
18 5.6 5.1 4.6 15 |
19 612 51 26.5 10.7 81 22 19 |
20 4L.6 09 6.9 37 20 7]
21 65 413 347 0.9 21
22 714 195 25,5 1. 22 1
23 6l.4 8.4 5.8 29.8 6.7 8.9 23 |
[ 24 74 3.3 27.5 30,7 91 77 24 |
25 232 38 26 6 25 |
26 .6 70 13 2.2 15 86 %
[ 27 71,2 17.2 06 27
28 32 84 37 28 |
29 57 405 42 110 4 29.7 1L5 29 1
[ 30 63.4 80 75,4 71 30 7]
31 3.1 22.7 2.4 31
"Toral L6 195 2 17.6 177.7 224.5 3950 goLs| 612.1] 3789 139.2 3L 16
[ Annual Totat ¢ )| “2.866.0




Daily Precipitation

sTATION BAN KHLONG SI SOOK

RIVER, IN THE BASIN OF ELEVATION UNIT mm YEAR __ 1969
DATE] Jan Feb, Mar. Apr. May June July Aug, Sept, Oct Nov, Dec. DATE
| 1 16 14 8 7 27.1 122 7.3 45 1
[ 2 18.6 243 197 L7 52.4 62 2.5 2 ]
3 18 1 265 210 192 54 4.1 3
| 4 8.9 30.2 713 4+ 7]
5 _ 406 87.7 256 386 5 |
6 14.0) 6.5 68 0 177 3840 51 6 |
7 13 670 106 341 10 7
8 22 20.6] 450 108 63 5
9 19.9 255 21 - 9 ]
10 54 49 4 8.7 227 06 10 ]
| 1 ol 59 7 6.9 27 7 70 0.7 m
12 03 12 9 103.3 109 16 22,6 12 7]
[ 13 15 03 514 420 252 B1 13 7]
14 22,2 59 7.6 14 14 ]
15 162 a0 18 4 132 15
) 40.0 7.7 88 16
Ry 113 2,2 532 31 0.5 25 17
18 13.2 6338 55.5 3.4 18 ]
19 L4 14.5 50,0 232 3.7 14.4 19 |
20 338 0.3 512 56 0 20 |
|21 03 3.4 10.5 10 ¢ 13 21
| 22 e 03 60 306 22 7
(23 61 21,0 263.8 243 23 |
|_24 8.4 1.2 32 206 203 9.2 24 7]
25 42 16 25 |
Zo 1.0 143 43 L6 25
27 62 6.1 13.1 356 166 27 |
.28 0l 13 4 64.2 542 36.2 67 08 28
| 29 22| 4.7 16 8 80 18 66 5.7 29
30 0.6 18,3 43 9i 106 179 10 4 L5 30
3t 13 4 57 78 [ 31
Total 260 18 6 956 21,9 141.3 7188 1,088.5) 4307 525 8 1716 11.1 00
{ Anuat Tomal ¢ )| 32490
Dasly Precipitanion STATION _BAN KHLONG §1 S0DK
RIVER, IN THE BASIN OT ELEVATION UNIT mm YEAR 1970
DATE; Jan Feh Mar. Apr. May June July Aug Sept. Qat, Nov Dec. DATE
1 T 94.4 42 23|
2 15.5 "« 30 24 L6 1.3 63| 2]
" 3 3.9 .8 51 24.9 16 4 3
4 3 J 207 63 10 07| 47
5 10 4 i 19.5 472 5 ]
6 72 X3 T4 ) &
| 7 ’\7.(1 222 1.7 223 26 7]
[ 8 21.1 7.4 35.4 60 13.8 '
" 9 94§ 14 27 4 043 10 9 7|
10 29.2 10.9 10 7]
| L1 6,4 EEP 62 66T 5§38 11
[12 02 56 0 64,4 319 290 31 213 92 12 7]
(13 62,4 37.2 67 345 419 ERY T
14 26 50 49.4 5.0 67 13 1
15 20 2 12.7 34,7 34 2.8 15 ]
"16 5y ER) 7 370 136 16
I"17 10 7] 20 1 88,4 13.8 12.7 176 1.3 17 7]
|18 24,1 15 4 1.7 299 50 18,6 15 ]
| 19 1.7 10 2 133 87 19 7|
20 11 4 20,4 88 15 20 7
| 21 0% 24, . 17.3 BN 21
[ 22 157 43 19.2 51.7 250 129 22 |
[ 23 285 14 4 16 2 11 ¢ 18 0R 30 23 7]
| 24 158 6 4 15 240 24 7]
25 1.4 43 25 2 5.7 25 ]
| 26 14.3 4072 15 30,2 33 Fi3 CR 26
| 27 0.5 12.9 30 36 27 7]
| 28 10,5 LY 2.2 20 26 8 28 |
29 14 2 612 8.7 60 29 14 29 ]
30 50 17,4 2.0 30 1
3 1.0 4,2 31
Total ot 1.4 66 0 164.6 346 002 450.2 554.5 459 0 145.6 101 13.7
) { Anmiat Total ¢ VDS
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Daily Discharge STATION _BAN KHLONG SI 500K
Khlong Tha Dan_ RIVER, IN THE BASIN OF ELEVATION UNIT m3/s YEAR __ 1965
DATE Jan. Feb, Mar. Apr. May June July Aug. Sept. Oet. Nov. Dec. DATE
|1 33y, 223 13,2 162 26.2 2.1 33.6 .
2 3.66 1es| 197 12,7 28.4 256 236 g g: g.::* ; ]
3 3.83 3.31 8.06 9.96| 44.0 19,2 19.2 5.84 0.83 3 ]
- soo]  3.02| s ges| us as| owmr| 20 0.88 4]
5 3.83 3661 215§ 111 91.3 18.2 18.7 706 0.83 5]
. & 3.48 331 103 107 { 120 306 15.2 632 osyd &
7 1,34 3.02 8 82 10.7 115 22.9 15.7 4.69 o.78f 7
[ 5 469 02|  ss2f 172 | 193 172 15.2 £.00 o7 &
K 4.00 3.66] 404 107 63.4 136 111 348 er| 9]
19 366  3.83] 646 s.44| 316 18 7 920l 3.4 0.67_10 7]
n 3.48 584 3500 706 222 13.6 8.44 2,78 067] 11
[[12 304 6.57| 37.8 6,57 15.7 148 9.95 2.51 0.6l 12 ]
13 3.02 6.08] 37.0 1.1 12.7 12,7 7.06 .13 0.61] 13 ]
(14 3N 7.68] 353 8.06 167 26,2 6.08 219 05| 14 ]
15 im 706 269 68l] 119 404 535 2,19 0,560 15 ]
16 2.90 6.57 | 40.4 6.32 12 3 202 486 207 0.56) 16
17 266  7.06] 440 | 322 144 14.8 231 2m 0.53 17
18 251 157 | s20 157 1Ls 119 LB3f 219 o051 18 ]
_219 3.43 L5 63.4 1.9 10.7 222 3.48 219 0.51 19 |
2(1; ;;1? 1;.;6 lgg 3 1§.§ 413 314 3,14 2,43 0,51 20 7|
21 K .20 30.6 22.9 2.90 170 048 2! |
[ 22 231 730| 440 768 35.3 38.7 2.66 1.52 048 22 |
25 :.:z 21:: lgi.z 222 18.7 252 2.66 L44 046 23
24 o 2ls u .::g.g 28.4 299 2.54 L36 046/ 24
26 2.07 18,2 5t.0 202 s 249 122 04623
26 201|182 510 29 17.7 20.2 2.54 118 0.46] 26 ]
27 .95 . 344 18.2 3z 2.31 L1o 043 27 _
28 Los! 634 3.4 117 22,9 314 2.19 099 0.43] 28
20 i.g: ;-}s; gs.v 329 115 54.2 2.54 0.94 o40f 29 ]
2 k 3.6 29,9 76.9 353 £.81 0 RA_ nan| 30
68,3 276 92.9 383 gagl 3
Total 88.44| 502 61| 117699 | 61936 | 1,473.8 757.4 | 270.38 92,54 18,55
'Mean , 2.95 16.2 39.2 20.0 47.5 25.2 8.72 3.08 0.60
LAnnuaI Total { )I
Daily Discharge STATION BAN KHLONG SI SOOK
Khlong Tha Dan RIVER, IN THE BASIN OF ELEVATION UNIT mYsec YEAR 1966
DATE| Jan, Feb., Mar. Apr. May June July Aug. Sept. Oct. Nav, Dec. DATE
1 028 0.11 011 001 0,01 13 4 13.8 175 32,0 5.74 4.28 0.73
2 0.25 011 0,24 002 00l §56| 977 14.7 2.7 4.70) 388 073 27|
- 3 035 0.13 0.18 007 ool 637 908 12.2 17.0 4.28 3.46 06 37
- 4 0325 0.13 0.14 007 0,01 470 490 29.3 13 8 3.6 326 0.6 4 |
B 0.22 0.11 0.13 a.11 0.07 408 377 25.3 15,2 3.46 2.85 057 5
A (133 0.0% 0.13 07 0.35 306 370 17.5 08 .49 ] 0.57 &
[~ 7 020 0,00 0.t 0.06 0.28 3.46 21,4 51.6 16.6 12.2 2.38 053 7
" 020 09 0.1 0.04 0.38 2.50 14,3 30.6 25.3 8.04 2.38 0.5 g ]
[ o 020 609 0.1 004 0.85 4.70 1.9 22,7 977 1.6 2.15 053 g ]
10 0.18 009 0.09 002 3.06 370 10.6 49.9 45.6 1L6 2.15 0.4% 19 7]
11 o018 0.07 0.0 002 2.62 5.11 8,30 57.0 334 10.6 2,03 045 11
12 018 007 007 002 1,02 4,49 7.78 56 1 240 10.3 191 045 12 7
13 0,18 0.07 004 00l 0.65 346 6.58] 3rn7 22.7 9,34 L.68 0.42] 13 7]
14 018 0.07 0.04 001 042 9.34 7.00| 174 247 9.34 180 042 14 7]
15 .16 0.07 0.04 0.01 0.38] 508 103 62.8 29,3 8,30 2,03 0.45 15 7]
18 016 0.07 0.0% 001 0.32 15.7 805 50,8 356 8.30 1.43 [ETET
7 016 007 002 0.01 108 9.93 552 127 32,0 9.34 L35 0.57 17 ]
| 18 0.16 0.07 0.02 0.01 4.49 1ne 356 135 590 8.30 126 053 1§ |
19 0.15 007 0.0¢ 0o 5.95 12,2 36,3 56,1 65 7 752 118 049- 19 ]
20 0.15 006 0.04 001 532] 4lé 111 35.6 4438 7 00 110 045 20
| 21 0.15 0.13 0.04 004 2.50]  40.1 120 2.0 29.9 595 1.02 63§ 21 |
[ 22 0.13 0.11 0.02 015, L9l 7.0 130 20,3 22,7 5.32 0.93 049 22 7]
[ 23 0.13 0.13 0.02 0,07 2,03 12 637 370 16 1 4,70 085 0.69 23 |
_24 13 0.13 0,03 0,08 4,28 3.4 156 29.3 116 4.49 08l .69 24 n
25 011 011 0,07 0 06 346 18.2 180 28.6 11.6 201 0.77 06l 25
| 26 0.13 0.13 0.03 0.04 32.0 12.6 156 20,4 9.34 .60, 0.77 049 26 |
27 013 013 0.02 ooz 13.8 9.313] 126 98.8 804 7.52 077 042 27 ]
| 28 013 0.13 o.n 002 16.6 90.8 850 667 7 0l 6,79 0.73 o.4d 28
[ 29 0.13 0.0 002 16 6 32,0 56.1 45.6 6.7 5.95 0.73 034 29
30 0.1t 0.0 002 306 20,1 33.4 64.7 57 532 069 035 30 7]
3 0.11 0.0L 23,4 24.0 36.3 . 4.70 0.3 3t
[Total 5.12 2,73 2.07 1.13f 17746 605,59| 1,753 56 | 1,536.6 §19.71 238 56 53.36 15 95
IMean 17 0.10 0.01 0 04 s72| 202 56.6 19.6 27.3 7.70 178 0.5
| Annual Total (¢ ¥]




Datly Dischathe STATION _BAN KHLONG.SLSOOK
Kloog Thahan_ RIVER, IN THE BASIN OF ELEVATION UNIT m3/sec YEAR 1967
DATE Jan. Ieb. Mar. Apr. May June July Aug. Sept. Oc1, Nov. Dec, DATE
! 0.25 0.07 001 000 025 2,79 22,4 236 15.5 13.1 234 076
" 2 022 007 0.01 0.00 025 3.05 673 57.2 13 9 57.2 224 a.660 9 i
[ 3 0.22 0.07 0 00 000 0.20 14.3 18.8 323 127 33.9 2.05 0.62 37
4 020 006 0.00) 0,00 0,15 8.53 18.8 40.5 s 193 195 57 4 7
5 0.20 0.06 0 01 0.00 0,12 23.6 11.5 48.9 8 84 13.1 1.76 o475
[ 6 020 0.06 0.04 0 00| 011 10.5 19.7 L6 8.80] 10.2 T.67 [ES 6
[ 7 0.17 0,05 o og 0.00 0.08 9.52 64.8 53.5 7.94 102 157 043 77
| 8 oty 0.05 0,04 000 0.08 8.53 26.4 27.8 213 8 53 150 643 g 7]
9 0.15 0.05 0 o4 ¢ 00 0,11 6.38 13.9 24.1 139 7.42 143 0.38] g9 |
10 0.15 005 0.04 8 00| 012 5.07 13.6 67.3 28,4 6,90 L35 ¢35 1p
11 012 0.05 0,00 0,00) 028 154 27.8 339 23 0 .12 128 035 1
[ 12 0.12 0o5 0.04 000 020 25,8 19,7 67.3 16 9 5 42 2.15 03§ 12 7
[ 13 0.12 0.05 o o 0.00 0.38 56 0 %9 37.2 147 $8.9 2.79 030 13 7]
14 0.t1 005 0.0 0.00 043 16.0 598 30.4 15.5 10.5 1.76 028 14 ]
15 0l 005 0 0o 000 0 80 %19 47.8 213 151 7.94 157 029 15 7]
[ 15 0.11 0.05 0.00 0 00) 099 6.90 258 19.7 16,4 .64 .35 0.24 16
[ 17 0.10 0.05 0 o] a oo, 0.71 1.72 241 69.8 13.5 5 86 1,2t 0.28 17 7
.18 0,10 0.04 0.0 0.0, 057 1n2 522 45.8 le,4 5.07 1.2t 027 18 |
|_19 0.10 0.04 0o 0 00| 0.47 6.90 348 25.4 16 0 459 1,14 0.23 19 |
20 008 001 0 0 000 3,18 4.72 21.9 147.0 17.5 1.02, 107 024 20 7]
| 21 0,08 004 0.04 0.06) 176 3.71 193 71.5 29 0 371 092 G24 21
.22 0.08 0,04 0 oq 010 1.57 3.05 24.1 49,2 18 3 358 092 02 22 |
| 23 008 0.04 0 0f 0 08 1 86 2.41 15.5 36,4 28 4 525 0.85 o2 23 7
| 24 0.08 0.04 [V 0,11 2,79 2.15 188 23.0 852 £12 0480 011 24 7
25 0.07 0,02 0K 0 17 742 1.86 28 4 16,9 29.0 5.86) 0.76 0224 25 |
_26 0.07 0.02 0 0¢ 0.30, 7.42 167 66 0 13.5 28.4 102 076 024 26
.27 0.07 0,02 0 0off 0.12 820 1.57 66.0 26.4 436 3.71 071 agd 27 |
| 28 007 0.01 0 0g 0 6§ 18.8 243 3o 29.0 25.2 312 0.71 020 28 |
|29 007 0 0 0,43, 7.42 1.95% 19.7 24,7 19.3 292 076 017 29 7
30 0.07 .00 0,30 4,90 4.54 147 10 4 14.7 279 0 80 017 30 |
31 0,07 0.01] 345 11.5 18.8 2.53 011 31
Total 3.81 1.29 .03 233 7507 263.60| 9710 | L,330.80 629.2 328 67 4138 10 04
hiean 012 Q.05 0,04 0.08) 2.42 8,79 3l.4 42.9 21 10.6 1.38 0.31
IAnnual Total 3y
Daily Discharge STATION _BAN KHLONG Sl SOOK
Klong Tha Dan  RIVER, IN THE BASIN OF ELEVATION UNIT m?/sec YEAR 1968
DATE{ Jan Feh. Mar Apr. May June July Aug. Sept. Qer, Nov., Dec. | DATE
| 1 014 005 0 07 002 2.3t 162 336 207 161 12.1 181 0420 1|
[ 2 0.4 0,05 007 002 190 361 118 525 18,3 1.4 1.81 03 2 |
3 010 0065 0.04 001 0.91 629 207 162 14 4 10,0 181 03s 3
B 0.10 005 0.04 001 1.24 694 39.9 1.0 12.§ 943 162 038 4]
[ s 0.10 004 8 04 00l 23.2 650 534 238 37.4 188 162 038 5
[ 6 0109 0nd .03 [ 121 ] 30 6 18.8 249 135 143 034 6
[ 7 L] 0,04 004 o002 175 312 193 21.7 254 12,1 124 034 7|
| 8 0.09 004 0.03 00 07 2.4 13.2 249 188 1.8 1.24 03l 8 ]
9 009 o3 00 D02 072 2.17 27.1 501 156 10.0 L.15 03] 9 |
10 009 0.14 0.05 00 5 64 258 15.6 78 4 13.2 217 1,52 031 10
[ 11 008 008 0.05 0.02 413 2,83 11.8 B 64.0 139 1.24 028 11 |
[ 12 008 006 0.03 0oz 543 .72 10,7 28.8 29 4 13.2 105 o2y 12 |
[ 13 008 0.05 0,04 [1X173 1.43 2,44 8.86 294 82 8 12.4 1035 024 13 ]
14 0,08 0.05 0 07] 0.02 378 326 7.34 238 53.4 114 1.62 024 14|
15 0.08 003 0.04 0.03 2 44 4.65 305 355 36.7 943 115 D20 15
16 007 0.04 0.07] 0.06 .81 5 43 3.2 63.1 26 6 8.58 0.96 0.2¢( 16 _|
17 007 no4 0.04 0.06 L.43 715 18 8 36.1 249 744 051 0.17 17 |
18 006 D.04 0,0 006 115 715 45.5 25.4 227 6,50 0.76 010 18 |
19 0.06 0.04 0 03 0,14 0 86 1.83 20,2 1931 231.2 564 076 o.1g 19 |
20 006 034 0.03 014 0.81 .50 16. L 249 25.4 500 0,70 007 20
21 D05 0.38 0.03 009 0,70 165 144 19.3 22,7 118 065 pod 21 |
[ 22 0.08 0,20 003 0.08 0.60 3.9 40,5 25.4 222 4.30 060 009 22 |
[ 23 0.06 0.17 0.03 0.05) 0.50 3.43 411 306 19.3 1.96 0.60 009 23 |
(24 0.05 0.50 0.03 007 0.45 3.2 13,6 260 16.1 1,43 055 00y 24 |
25 005 0.28 0,03 0 07 0.42 3.96 517 324 18.3 299 050 oy 25
[ 26 0,05 0.17 0 Y G.76] 0,42 36! 342 19.8 276 285 0.50 ood 26 |
| 27 006 0,09 0.04 0.65] 034 3.43 27.1 15.0 232 2 58 0.50 u.ua 27 |
| 28 0.06 008 0.0 0.38 034 26 6 19.8 18.8 18,3 2.44 D42 o004 28
29 0.06 008 0.03 0.42 028 W6 16.5 139 16.5 231 0.42 ooy 29 |
30 0046 ©.07% 0,70 134 36.7 20.4 19.3 14.8 2,17 018 nod_ 30
31 0.05 003 204 19.8 15.2 190 ood 31
Total 217 3.27 1,14 3,970 110.92| 2679| Bi44 | 927.5 783.3] 277 3047 6 37
[Mean gos] ol 005 ___ 013 -8 689] 272 299 2.1l Tan 1.02 021,

I..unuai 10idl




Dafly Discharge STATION BAN KHLONG SI SOOK
Klong Tha Dan _RIVER, IN THE BASIN OF ELEVATION UNIT __m3/sec YEAR 1969
DATE Jan. Feb Mar. Apr May June July Aug. Sept. Oct. Nav, Dec. DATE
1 0.09 0.03 0.01 .01 0.00 7.0 73.8 389 14,2 248 7.38 1.4 1
| 2 0.09 0.03 0.01 0.01 0.00 310 64.0 546 13.7 22,9 8.86 L4 2
3 0.09 005 2.01 0.00, 0.01 3.68 48,2 44,2 5%.3 20.5 790 1.31 3
™ 4 008 0.03 0.01 0,00/ 0,01 3.36 Thd 2.4 £5.0 16.0 6,60 122 3
[ 5 0.08 0.03 0 0g 0.01, 0.01 1.67 26.0 47.2 184 13.3 6.08 1.22 5
. 6 0.08 0,02 0,00 0.00] 0.01 $.22 36,3 152 77,6 TLT 530 | -
. 7 0.11 0.02 0,001 0.00 0.01 10.8 43.2 677 2.2 9,82 4.94 Lod 4
. 8 008 0.02 0.001 0.00 002 27.3 72.6 139 3L0 8 54 440 Loy g
9 008 0.02 0.00 000 0.06 20.5 89,0 36.9 22,3 7,38 +.04 0,94 9
10 0.08 0,02 0,00 0.00 0.18 217 45,2 41,4 2L7 6,60 3.68 0.9 1n
| 11 007 0.02 0.0d 0.01 0.12 25.4 23.6 389 150 5.82 3.50 X 11
12 0.06 0,02 0.00 0.00 0.10 33.2 42,2 414 16,0 5.56 3,22 0.8% |2
|13 0.06 0.02 000 .00, 0.09 254 652 44.2 14,2 7.38 .09 0.7 13
.14 0.06 0.0l 0,00 0 00 0.07 217 39.7 28,1 29.5 6 60 2.95 0.74 14
15 0 04 0.01 0.04] 000 0.06 12,0 24.8 23.6 16.5 7.35) 2.81 0.7 5
16 0.06 0.01 0,07 0.00 006 .86 17.0 217 258.0 8.2 .57 1% Y3
| 17 006 0.01 0.03 0.00 0.03 6.86 25,4 21,7 211 7.04 2,53 0.68 17
18 0.06 00l 004 0 00| .03 5.82 640 2.9 18.0 7.38 2,26 0.61 13
19 0,06 0oL 0.03 0.00] 0.02 790 73.8 8.0 35.6 7 38] 2,12 064 19
20 0.07 0,01 .02 0.00 0.02 16.5 47.2 14,6 29.5 6,08 2,12 0,59 20
| 21 004 0.01 0.03 0,00 0.02 15.5 253 2% 139 5 56 | 7Y U054 21
22 006 0.01 0.03 0.00 0,02 8.86 17.0 11,5 61,6 8,80y 1,85 054 22
| 23 0.06 0,01 0.04 000 002 6.86 12,4 10.5 33.9 9.82 L76 0.51 33
24 0.06 0.01 0.04 0.0 0.03 7.38 725 9.18 266 10.5 167 LUEY: BT
25 0.05 0.01 0,03 0 00 002 12,9 179 7.90 22.3 9,18 1.67 0.4 325
| 26 006 0.01 0.02 0.00 0.02 9.83 357 7.1Z 3.0 .22 T T3 26
| 27 0.04 0.01 0.03 0.00 0,03 7.38 73.8 6.34 16.0 8.22 149 04q 27
28 0.03 0,01 0.0 0.60) 0.04 72.6 751 634 20.5 6 60 131 0.4 28
29 0.03 00 0,00, 0.22 33,2 160 7.64 18.0 6,34 131 043 3¢
30 0.03 0.01 0 00 0.40 877 45.2 8.22 155 5.08) 1.31 043 3p
31 003 00} 1.85 42,2 19.0 A [\ ¥ BEETY
Total 2,00 0.48 0.44 0.04 3.58 357.97| 2,382,5 949,24 1,150.8 298,44 102 25 24,14
| Mean 0,06 002 001 000 o2 18.60 . 30.6 38.4 9.63 3,41 0.78

] Annual Total {

)
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Datly Evaporation

STATION _BAN KHLONG SISOOK

RIVER, IN THE BASIN QF ELEVATION UNIT moy YEAR 1955
DATE| Jan Febh. Mar. Apr. May June July Aug, Sept. Oct. Nov, Dec DATE
L L 5 5 1 3 1 4 [ 6 1
2 7 7 3 3 5 7 3 5 2 7l
3 7 4 4 4 2 4 4 1 3
4 5 6 3 2 4 1 3 4 31
5 3 5 8 3 3 4 5 4 5 ]
3 E T 6 3 l 3 3 3 &
| 7 $ 4 6 2 4 4 3 1 7 :l
s s 2 5 4 5 [ 6 4 8
b o 4 4 4 3 4 0 3 s o 7
10 5 4 5 10 9 4 " 5 1o
11 E 3 5 5 3 3 1 3 1t
12 & 2 7 4 6 3 4 4 12 ]
[ 13 5 3 1 3 4 1 5 1 13
14 5 2 2 3 2 3 4 6 14 7]
15 4 2 8 4 6 3 5 5 15
16 9 1 1 2 3 4 3 5 16
17 1 z 7 [ 3 4 5 + 17
18 4 i 3 2 3 3 3 5 18
19 5 4 2 & 5 4 3 4 19 7|
20 6 3 & 3 7 3 5 5 20 |
[ 21 4 1 4 6 4 5 3 3 21
| 22 3 3 5 3 2 4 3 3 22
| 23 6 2 6 4 4 2 5 4 23 ]
| 24 7 3 3 4 5 3 3 6 24 1
25 3 1 3 3 5 5 3 5 25
26 5 2 2 4 2 5 3 s | 26
.27 5 3 3 1 7 5 5 3 27
28 1 1 2 2 4 5 3 7 28 %
| 29 1 6 2 1 2 6 4 5 29 |
30 6 3 5 3 3 3 5 5 30 |
31 7 4 2 2 5 31
I
[Total 53'0 95.2 135‘3 ug__‘r ”j . ni ug.o :43 6
Anmuzl Total ( )y
Daily Evaporation STATION __BAN KHLONG SI S00K
RIVER, IN THE BASIN OF ELEVATION UNIT mm YEAR 1966
DATE Jan. Feh, Mar. Apr. May June July Aug. Sept. Oct, Nav, Dec. DATE
1 5.1 5.0 6.7 10.6 8.0 5.0 1.0 46 2.9 5.0 10 1.5 1
[ 2 5.2 1.7 6.5 70 7.5 6.0 2.0 4.2 4.1 6.0 1.9 15 27
3 5.4 5.0 5.0 80 62 39 25 20 1.9 50 6.0 2.0 3]
K 30 5.0 70 80 1.0 8.0 4.5 2.2 2.8 60 1.6 4.0 4
5 50 61 6.0 0.3 2.0 3.1 30 4.7 4.7 3.1 55 1.0 5 |
I3 33 5.0 6.2 80 3.3 (A 5.2 3.9 3.6 13 5.0 1.9 6 |
i 5.0 5.1 7.0 7.3 L1 a.5 7.6 1.5 59 3.9 1.9 1.0 7 ]
" 8 1.9 54 63 6.2 9.3 6.0 4.8 3.7 2.4 3.9 4.5 4.8 g |
I 3 5.2 6.0 7.3 10,0 1.6 56 5.1 4.0 3.7 36 48 1.9 9
10 18 6.2 62 10.0 5.0 1.8 7.0 4.5 3.6 32 4.1 L7 19
11 4.0 60 5.0 6.0 8.0 4.9 6.0 7.3 5.1 3.5 E¥3 40 11
1”12 10 5.0 5.0 70 60 43 30 73 24 16 5% 431 12 7
13 53 50 5.4 70 6.5 25 62 1.3 4.4 41 51 3.7] 13 ]
" 14 54 3.5 5.0 60 51 7.2 1L0 4,2 4.0 4.9 3.0 6.2 14 |
s 5.5 6.0 5.5 6.7 1.5 36 50 13 3.9 3.9 a9 32| 15
16 53 50 31 5.0 EX] 50 17 10.5 B.2 FX X 3L 16 ]
17 5.0 5.% 3.7 90 21 g4 1.7 43 2.6 2.6 5.2 40| 17 |
18 50 6.2 5.0 6.0 2.1 53 16 43 55 SR 46 10| 18 |
19 su 0.0 61 6.8 a7 105 39 38 23 23 a7 43 19
20 59 3.5 7.2 10,1 16 58 50 5.2 43 41 40 10| 20
21 &3 B0 30 7.6 35 6.0 6.1 5.7 3.2 5.8 5.1 22| 21 |
22 30 51 0.0 5.5 39 90 70 7.0 58 1.3 52 3e{ 22 |
23 WY 04 7.0 6.2 4.0 1.0 1.0 1.0 60 ol 30 s0) 23 ]
24 5.0 5.0 7.5 62 07 30 10 6.0 4.3 Lo 40 38] 24 ]
[*25 30 00 80 6,3 1.6 35 20 4.2 10 21 §4 30| 25
26 1.0 6.5 95 7.0 5.9 3.4 a6 4.0 5.0 1.0 1.7 13| 26 |
27 4.0 6.3 5.5 7.2 4.7 6.0 20 a6 66 16 23 44| 27
(28 4.0 6.0 8.0 5,0 4.4 6.4 4.5 3.5 5.7 2.6 2.9 19| 28 |
29 $.2 7% 7.2 8,3 6.3 5.0 0.7 39 3.0 5.0 40l 29 3
30 5.0 6.0 81 40 10 1.0 61 1.0 4.6 20 431 30
31 1.6 3.2 ] 5.3 6.0 3.4 10 5.6 | 31
Total | 1529 142.5 1976 1 2213 146.9 163 0 147.4 155 5 126.2 117.2 129.5 127.9
fean 19 5.1 o] 74 47 1 544 48 50 p  42] 38 13 4t
i.\nnual ‘Total ( L;_




Daily Evaporation STATION _BAN KHLONG 51 S00K

RIVER. IN THE BASIN OF ELEVATION UNIT mm YEAR 1967
DATE Jan. Feb, Mar. Apr. May June July Aug. Sept. Oct Nov. Dec. DATE
[ 4.1 19 6.8 84 54 4.8 5.8 52 15 1.0 4.9 3.0 1
| 2 4.4 3.0 5.6 6.8 50 0.7 2.3 7 28 L6 51 55|z 7]
[ 3 5.0 6.2 6.1 70 5.2 1.9 1.8 1.3 5.3 35 4.8 4.9 37
| 4 10 5.9 65 8.3 5.1 2,0 5.3 i3 80 15 5.5 52 4]
5 2.0 5.8 68 613 55 L9 87 28 50 3.0 4.2 i0 5 ]
_ 6 4.3 5.4 1.2 5.5 7.0 2.5 46 3.2 3.0 3.2 5.0 33 6 |
. 7 5.9 6.0 4.2 6.5 5.0 13 36 2.2 62 4.0 3,0 3.9 7
|_ 8 39 64 68 5.3 3.3 1.5 66 1.2 17 1.9 1.3 3.7 g ]
9 5.8 57 7.0 61 0 3.3 2,8 6.4 3.9 2,5 5.2 4.0 9]
10 5.0 4.0 6.9 50 4.4 1.9 1.0 5.2 11 L4 4.5 54) 107
[ 1 5.0 5.5 6.2 65 4.1 9.1 5.3 6.4 30 1.7 35 53] 10
[ 12 3.9 5.7 7.0 9.0 1.4 4l 31 25 3.5 51 L7 +7] 12 7]
| 13 5.0 5.8 5.3 8.0 6.6 1.4 7.7 1.5 37 241 2,2 481 13
[ 14 5.0 6.8 5.9 60 11 1.0 2.0 .7 1.4 3.6 4.5 49F 193 ]
15 5.2 6.5 6.0 4,5 6.2 60 21 4.5 4.0 4.4 4.4 49| 15 7]
16 5.0 65 7.5 4.9 3.2 1,0 29 1.3 T8 17 79 54| 16
17 1.6 6,7 5.8 3.0 42 95 31 L5 1.0 6.0 13 5.0 17 7]
| 18 4.6 6.9 7.6 5.3 3.4 3.3 2.3 1.1 10 1.7 44 +3] 187
[ 19 5.7 6.7 70 5.0 5.0 55 4.3 5.4 33 3.0 3.6 50| 19 7]
20 50 60 7.8 6.0 4.9 6.6 7.5 2.8 4.1 46 Z8 557 90 7|
21 17 1.6 68 55 60 6+ 80 o 2.5 1.0 30 ¥8( 21
22 50 3.1 8.3 3.0 4.3 6,0 5.0 30 Jo 41 30 59| 22 7]
[ 23 5.0 6.1 7.8 61 4.5 57 3.5 3.4 50 4,0 38 5.4) 23 7]
24 50 59 8.0 50 2.1 4.2 53 11 32 1.3 4.4 1.9 24 7]
25 3.0 73 6.9 6.0 5.9 50 41 3.6 62 3.4 38 48| 25 7]
[ 26 4.1 5.7 7.2 55 5.9 60 1.0 ) 56 10 4.5 58] 26
| 27 4.7 60 7.3 13 53 51 2.2 2.4 315 4.3 40 19| 27
| 28 5.7 7.0 7.8 34 .4 5. 2.8 0 4,9 47 32 49 28 |
29 1.0 82 58 3.3 66 14 L9 2.3 3.9 2.2 +7( 29
30 65 79 5.5 6% 65 55 33 4.0 1.8 3.8 50] 30 7|
31 3.3 7.6 4,0 2.8 5% 50 52] 3
[Total 146.4 160, 1 2108 1769 1484 137.9 Li6.6 133 119 7 ile.6 121.6 149.0
lean 4.7 | 5,7 6.8 | 5.9 1.8 i 4o | 34 3.7 40 3.8 4.t 13
| Annual Total ( )I
Daily Evaporation STATION _BAN KHLONG S1 500K ____
RIVER, IN THE BASINOF _____ ELEVATION UNIT ul] YEAR 1968
DATE Jan. Feh. Mar. Apr. May June July Augr, Sept Oct. Nov. Dec. DATE
1 5.7 60 EXH 7.2 1.3 5.9 1.7 71 6.2 1.3 4.8 30 1
" 2 1.8 49 1.6 7.4 5.7 3.4 3z 6.4 52 13 14 4.7 2 7]
[ 3 4.3 56 4,0 69 2.7 2.2 14 11 4.8 52 4.0 50 3
[ 4 1.7 5.0 1,4 67 32 25 6.6 3 AL 1.7 42 17 1+ 7
" s 4.6 E 5.0 41 4,1 50 38 1,6 5.7 39 48 38 5 7]
[ & 4.5 .2 5.7 5.1 62 5% 2.0 10 22 38 38 2.5 6 |
| 7 5.0 6.0 5.1 64 kR 5.3 5.8 2.4 15 43 1.8 18 7 ]
| 8 54 56 6.7 60 11 63 66 80 30 3.5 19 4.8 8 ]
9 4.6 6.6 5.3 5.9 2.9 5.1 36 6.3 46 5.4 2.8 5.4 9 |
10 46 66 62 71 18 49 38 16 14 50 314 28] 10
[ 1 5.0 5.4 5.9 6.9 45 14 6.5 1.0 54 29 36 3] 11 |
[ 12 4.8 2,2 4.8 6.1 59 3.3 4.0 [ 9.t I 46 557 12 |
| 13 5.2 5.3 36 70 5.9 29 1.9 L3 1.1 51 11 450 13 ]
| 14 1.8 4.7 5.0 42 5.3 42 5.0 3.4 41 16 33 4| 14 ]
15 5.3 10 S8 1.9 7.0 17 70 24 15 3.6 40 52| 15
16 5.6 5.0 1.9 4.8 5.8 6.2 42 10 28 64 4.0 50 16 |
| 17 5.7 51 5.9 6.1 6.5 L9 50 24 12 1.0 4.7 46) 17 |
_18 50 59 5.6 1.2 6.5 3.7 4R 45 2.3 1.7 44 39 18
119 5.1 7.2 5.7 4.5 6.3 63 46 5.5 5.1 52 1.9 4.0} 19 |
20 5.6 5.8 4.9 4,3 66 47 EW) 10 37 5.7 16 45| 20
| 21 5.7 5.9 6.5 50 513 1,0 7.2 35 2.9 36 Y 4.9 21 |
|22 4.1 5.4 % 6.4 4.9 5.0 7.1 25 53 1.4 49 5,7 22 ]
23 4.5 6.4 5.3 51 5.3 4.8 3b 25 3.2 43 4.6 5.9( 23 ]
.24 4.7 2,0 6.5 2.3 5.9 5.7 6.3 1,3 52 1.5 14 60] 24 7
25 4 3.9 5,7 3.2 5.0 3.9 14 53 56 4.0 2,2 52] 25
|26 6.5 5.3 6.0 2.6 +.9 4.6 3.9 63 1.3 31 4.7 sof 26 |
| 27 5.8 3.6 7.4 1.4 5.4 72 1.0 5.4 4.5 53 1.5 43 27 |
| 28 5.9 4.0 55 L% 5.0 4.4 2.7 1.9 1.0 50 10 16 28 |
|_29 58 |, 4.0 6,7 25 5.5 2,0 6.0 6.9 1.5 52 48 191 29
30 5.0 6.5 6,0 40 0.3 4.6 3.0 1,6 4,2 1.8 42} 30
31 50 6.5 5,1 44 5.1 48 4.9] 31
Total 158.1 149.6 172.8 1591 1579 134.7 4.9 132,1 128 5 135.2 124 0 142 0
Mean st | 52 | 5.6 | 53} 5.4 ) 4.5 | 1.7 | 43 13 14, 41 1.6
" y annuat Total ( |




Daily Evaporation STATION __ BAN KHLONG SI 500K

RIVER, IN THE BASINOF ELEVATION UNIT mm YEAR 1969
DATE Jan. Feb. Mar. Apr. May June July Aug. Sept. Qcr. Nov. Dee, DATE
1 48 3.8 6.4 6.0 6.3 1.1 7.5 1.0 5.7 3.1 L5 4.2 1|
[ 2 5.0 31 6.8 6.8 6.4 3.9 33 2.2 5.3 3.2 2.0 3.3 2
™ 3 5.5 4.9 6.7 7.0 4.3 3.8 3.5 3.5 0.7 L4 2.8 500 3]
4 4.8 4.1 5.9 68 50 3.4 3.0 3.8 6.3 3.7 3.7 43| 4|
™ 5 5.0 4.8 65 3.0 6.7 5.8 6.5 L0 4.4 2.3 5.2 40} 5
& 0.9 54 5.8 3.6 5 58 3.7 3.0 2.8 2.8 1.0 40f 6 ]
7 3.6 55 6,2 6.6 3.7 5.3 5.3 2.5 1.0 3.5 32 4.2 7
8 4.4 5.0 6.6 5.9 31 3.6 L0 L6 4.0 1.8 1,0 6.7 8 ]
" o 5.9 5.5 6.3 5.1 4.5 3.4 4.5 1.4 2.6 3.5] - a9 w0] 9 ]
10 5.0 1.9 6.8 5,4 6.0 3.4 2.7 2.7 2.8 4.4 5.9 40} 10
11 RS 3.9 6.9 3.0 10 7.0 4.0 2.7 3.0 5.6 4.8 L0F 1
12 6.0 6.0 5.7 3.5 5.8 4.9 30 2.9 4.4 3.6 43 4o0f 12.]
13 4.9 5.7 1.8 4.6 7.2 3.4 6.1 3.0 5.2 3.0 4.0 40f 13 7]
14 1.6 5.6 6.0 5.7 5.4 10 4.4 2.6 12 2.2 4.8 40| 13 7]
15 4.4 5.9 3.2 5.9 6.5 3.5 3.0 4,3 3.4 3.5 2.4 40| 15 |
16 7 5.1 5.0 53 1.3 1.0 6.7 1.0 L7 3.0 4.0 7] 16
17 3.1 6.0 3.2 5.7 1.0 2,8 3.2 2.7 1.5 4.6 3.0 0] 17 7
18 4.2 5.6 L0 5.9 40 2.0 4.1 1.0 4.4 3.9 43 4.9 18 ]
19 4.3 6.2 7.2 5.0 2.5 3.3 14 3.7 2.4 4.0 3.2 46| 19 |
| 20 3.9 68 7.0 5.8 4.7 28 3.1 4.2 3o 4.2 40 s0! 20
|21 50 7.2 6.8 7.6 4.3 30 2.4 3.5 L0 4.0 3.7 46( 21 ]
| 22 4.4 6.7 7.2 7.5 2.6 4.0 2.4 30 10 1.0 4.0 42 22 ]
[ 23 48 3.9 6.1 4.9 4.0 4.0 4.5 3.4 4.6 33 3.0 42( 23 |
| 24 4,2 6.7 6.2 50 5.1 3.5 10 5.0 4.7 4.2 3.8 13 24 |
25 3.0 632 3,0 6,0 1.9 1.6 2.0 5.4 1.6 40 35 aa| 25
26 4.1 5.2 6.0 5.8 4.0 2,0 a3 50 2.3 2.6 4.8 39| 26
| 27 4.0 6.3 6.9 7.2 2.4 4.1 2.6 4.0 5.3 3.0 5.8 18| 27
| 28 5.2 5.8 5.8 29 3.1 1.8 4.1 1.6 a.7 3.7 5.0 10| 28
29 5,2 60 6.5 1.0 3g Lo 4.7 a1 3.6 3.2 sz 29 |
30 4.7 59 3.6 22 5.9 16 54 18 15 1.4 40| 30
ai 5.5 5.5 2.2 33 3.5 3.0 55| 31
X . 1. 164, 134,7 1134 108.3 107.3 105.9 109.2 116.2 135.4
:}::rl. 142.% 15‘5‘.% 185.; ﬁg.g 4.3 18 3.5 3.5 3.5 3.5 39 4.4
I Annual Total ( } i
Daily Evaporaticn STATION _BAN KHLONG SI SCOK
RIVER, IN THE BASINOF _ ELEVATION UNIT mm YEAR 1970
DATE Jan. Feb. Mar, APpr. May June July Aug, Sept. Qct. Naov, Dec. DATE
1 4.0 5.3 4.8 4.4 .5 3.7 5.0 4.4 40 L6 2.2 1.3 1
" 2 4.7 5,5 5.0 66 5.0 6.1 4.2 3.1 23 3.9 4.4 40| 2 |
| 3 4.4 4.8 5.5 4,3 5.4 5.7 1.2 L9 4.4 50 1.0 32, 3]
4 4.2 5.0 4.8 3.0 1.0 13 4.1 2.t 1.5 50 1.3 L7 4]
| s 3.2 53 42 4.1 37 1.4 ts 28 32 70 1.0 20| s
| 6 4.4 5.0 45 1.0 5.9 6.9 3.6 14 5.0 4.0 4.5 30| & |
7 4.0 52 5.6 4.5 4.0 6.9 7 2.7 2.3 2.0 4.0 so) 7
I 6 1.5 4.4 3.5 4.9 4.7 4.0 3.4 5.5 3.5 L& 30 0| 8 |
9 5.0 55 5.4 1.0 6.4 3.4 3.2 4.8 L9 1.5 3.6 3.9 9 |
10 3.5 1.9 5.7 5.0 1.3 41 2.2 4.3 1.8 4.1 4.0 101 10
| 11 5.2 0.0 5.8 6.6 6.5 4.4 36 4.0 3.3 1.3 4.0 40{ 11 ]
12 5.2 2.4 6.0 60 5.7 a5 L0 5.1 4.3 2.9 3.1 28| 12 7]
| 13 40 2.2 5.8 1.0 5.8 3.0 2.5 5.4 o 2.8 1.0 37! 13 |
| t4 3.5 3.9 5.4 6,4 4.2 2.4 0.5 2.4 3.0 3.0 2.3 36 1]
15 4.5 4.9 5.8 4,9 1,1 3.1 3.9 4.7 3.9 2,8 40 38| 15
16 5.0 2.8 6.3 5.0 3.2 46 1.0 1.2 4.8 5.2 3.5 4.8] 16 ]
| 17 6.7 4.5 6.8 5.7 3.1 4.3 1.7 3.6 4.6 2.6 4.5 16| 17 |
[ 13 42 4.3 53 6.0 2.1 2.8 0.7 2,9 1.9 2,0 11 42| 18 ]
[ 19 4.7 4.8 5.7 5.6 2,7 6.1 3.0 3.3 3.7 L4 4.0 42| 19 ]
20 5.2 4.3 46 6.4 L6 2.8 3.2 17 3.5 3.3 4.3 50| 20
| 21 1.2 5.4 5.0 54 3.0 31 3.0 3.3 3.1 4.5 3.8 50| 21 |
22 4.8 5.0 3.9 4.8 2.2 4.9 4.8 5.0 2.6 1.9 2.5 30| 22 ]
R 5.2 5% LS 5.6 4.8 3.9 4.9 3.3 3.4 3.0 3.6 a0} 23 ]}
| 24 33 5.5 1.3 4.6 5.2 3.4 .0 2.0 4.0 2.0 4.0 Lo} 24
25 5.0 5,2 30 4.3 64 5.6 3,4 4.0 43 3.2 40 36| 25
| 26 4.0 5.4 4.3 2.3 7.2 L6 2.2 3.4 3.2 1.9 4.5 19| 26
| 27 5.0 5.0 4.4 5.0 50 2.2 4.8 31 4.0 2.2 4.0 45 27
| 28 6.0 5.2 6.0 4.5 50 4.2 3.z 3.0 4.4 3.2 40 48] 28 |
29 6.0 5.2 4.0 3.0 3.2 64 2,0 L9 2.0 7.4 3z{ 29 |
30 6.2 6.2 50 6.0 a8 4.0 4.4 3.0 0.9 31 56 30
31 5.1 5.2 5.7 6.2 3,0 1.4 sol 3
[total | 1449 126.0 157.5 145.9 139.4 119.4 101.1 103.8 104.8 95.4 120.7 114.4
hean 4.7 45 5.1 4.9 4.5 4.0 33 3.4 .5 X 4.0 A
1Annual ‘Total ¢ M
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